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The Council haying duly estimated the present position of the Institute, 
after a lengthened period of great commercial depression, consider that 
the members have great reason to be gratified. Notwithstanding that 
there has been a falling off in the number of members and a consequent 
decrease in the receipts from subscriptions, the actual receipts are slightly 
in excess of those of last year, and, the expenditure having been judiciously 
limited, the balance at the bankers has increased. 

With regard to the useful work executed, they may mention that much 
time was occupied in settling, with great care, the principles upon which 
the Ventilators' Committee should continue their researches, and the mode 
in which the experiments should be conducted ; but a satisfactory system 
has at length been arrived at for prosecuting this important inquiry into 
the merits of the various classes of ventilators before the public, and the 
Committee have reported progress. 

There have been no excursions away from the district during the 
year, but a very instructive visit was made to the Browney Colliery, on 
the invitation of Messrs. Bell Brothers, where they were received by 
Mr. A. L. Steavenson, the Chief Engineer of the Company, and inspected 
an apparatus for saving laboar in the manufacture of coke, the invention 
of Messrs. Bell, Harle, and Cleugh. 

The Proceedings have reached their usual high standard of exceUence. 

Mr. Kendall has contributed a most complete and exhaustive descrip- 
tion of the Hematite Deposits of West Cumberland, which is especially 
valuable, as it is a district which has not been previously treated of in 
the Transactions. 

The other descriptive papers have been one by Mr. A. R. Sawyer, 
" On the Saarbriickeu Coal-field," and another by Professor Lcbour "On 
the Coal and Limestone Series of Northumberland.'' 

The papers more especially connected with the safety of mines were 
an exceedingly valuable and interesting communication from Professor 
Marreco and Mr. Morrison — " On the question as to how far Coal Dust, as 
it exists in the Atmosphere of Pit Workings, is Explosive, whether free or 
not from the presence of Gas." This paper, illustrated by experiments 
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and followed by an exhaustive discufision, forms a valuable addition to 
our present knowledge of this very important subject. A paper by Mr. 
E. H. Liveing, describing an elegant and ingenious instrument for the 
detection of small quantities of gas; a paper by Professor Marreco, 
describing a self-recording water gauge ; the papers ^* On Rigg and 
Meiklejon's Coal-Cutting Machine," and "Schmitt's Revolving Spiral 
Screen," by Mr. D. P. Morison ; " On a Supply of Pure Water and 
Motive Power to Towns," by Mr. Bums; and "On the Mathematical 
Theory of Amsler's Planimeter," by Professor Aldis, add a mass of 
valuable information to the year's Proceedings. 
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The Finance Committee have to report that the receipts from all sources 
for the past year have been £2,138 lis. lOd., being £61 15s. 2d. in 
excess of those of the previous year, which were £2,076 16s. 8d. This 
is due partly to the increased value of investments, which has more than 
counterbalanced the falling off in the amount of the subscriptions received. 

The members' subscriptions amounted to £1,709 10s., against £1,783 
19s. last year, showing a decrease of £74 9s. 

By judicious economy the expenditure has been again brought below 
the annual receipts, the difference being £58 7s. 

The Institute continues to hold 134 shares in the Institute and Coal 
Trade Chambers* Company, Limited, of the value of £2,680. 

G. C. GEEENWELL. 
WILLIAM COCHRANE. 
6. B. FORSTER. 
J. B. SIMPSON. 
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ADVERTISEMENT. 



The Institute is not, as a body, responsible for the facts and opinions 
advanced in the Papers read, and in the Abstracts of Oonyersations 
which occurred at the Meetings during the Session. 



\ 



(xii) 
Dr. the treasurer IN ACCOUNT 

£ s. d. 
To 750 Original Members, as per List 1878-79:— 

9 of which are Life Members, one having pud this year 20 

741 ^£2 2s 1,566 2 



To 17 Ordinary Members, as per List 1878-79 :— 

8®£22s.and9@£33s 46 8 



To 12 Anociate Members, as per List 1878-79, ^ £2 28. 26 4 



To 9 New Ordinary Members @ £3 3s 28 7 

To 14 New Associate Members, as per List 1878-79: — 

1 of which paid as Life Member 20 

18 (§ jB2 2s. ... ... ... ... ... ... ... ... ... 27 6 

To 151 Old Stadents, as per List 1878-79 :— 

1 do. paid as Member 2 2 

150 do. at£lls. 157 10 



To 14 New Students, as per List 1878-79, @ £1 Is. 14 14 

To 14 Sabfcribing Collieries do. 71 8 

1,907 16 

To Arrears, as per last Halancc Sheet 481 11 

Deduct— 
Irrecoverable Arrears not inserted in 1878-79 List (Dead 
Resigned, &c.) 166 19 

Actual Arrears to collect 1878-79 264 12 



£2,232 R 



(liii) 



WITH SUBSCRIPTIONS, 1878-79. 



Cb. 



By 601 Original Members paid 

By 107 Do. unpaid 

By 5 Do. dead, unpaid 

By 6 Do. resigned do. 

By 22 Do. gonet no address 



741 
By 1 



Do. 



pud as Life Member 



By 18 Ordinary Members paid, 8@£3 8s.,and5@£2 2s... 
By 4 Do. unpaid, 1 ® £3 8s. and 8 ^ £2 2s. 

17 

By 11 Associate Members paid 

By 1 Do. unpaid 

12 

By 9 New Ordinary Members pud 

By 10 Xew Associate Members paid 

8 Do. unpaid 



13 
By 1 Do. 

By 129 Old Students paid 

15 Do. unpud ... 

2 Do. resigned, unpaid 

4 Do. gone, no address 

150 
By 1 Do. paid as Member 

By 14 Xew Students paid 

By 12 Subscribing Collieries paid 
By 2 Do. unpaid . 

By Members' Arrears 

By StudenU' Do 



paid as Life Member 



Audited and Ccrtifiod, 

JOHN G. BENSON & CO., 

Public AccoinrrAKTs. 

NcM'castlc -on -Tyne, 

Aupriist 2nd, 1870. 



PAID. 




UirPAID. 


£ S. 

1,262 2 


d. 



£ s. d. 

224 14 
10 10 
12 12 
46 4 


20 







85 14 








28 2 



9 9 



2 2 



... 28 7 









21 









• • • 




6 6 





20 









... 135 9 









• • • 




15 15 





• • « 




2 2 





• • • 




4 4 





2 2 









14 14 









58 16 









• • • 




12 12 





1,621 6 





846 10 





81 18 





171 8 





6 6 






5 5 





1,709 10 


522 18 









1,709 10 






£2,232 8 



^^^^^^^^^^^^r 


1 


1 


■ 


^^r TREASURER IN ACCOUNT WITH THE NORTH OF 


ENGLAND 1 


^^H 




J^ lie Yrar rising 








£ «. d- 


^^H To BikDcc kt Banlcer* 







... 86 6 


^^^V To Do. ia Iwiuli of Trauorer 






.. 97 8 8 






., 13 7 3 




ti- 


tuU ind Coil Trsde Chsmber. Co., Limitsd 






.,.2.000 


To further Amount mve>t4id in ShuM of the >bove 


*"'"'" 




... 680 


3.824 16 6 


To Diridend nf 8 per cent, on 134 SharM of £20 - 


£2,680 .„ 




., 214 8 


To H«nt ut CuUc^ CluM Roonu, Ims Borongh Rktes .. 




., « 1 


To 8i.h«riprioui for 1878.79 from 601 OU Memben (OripnJ) 1^2 3 





To Uo. d.,. 1 Old Member, pud <» 


Life Member 


80 





To Do. do. 13 OnUnu-j Hemben 




35 14 









23 S 





To Do. do. » New Member* (Ordimirj) 


28 7 





To Do. do. 10 Do. (Awoc 


Bte) 


21 





To [)(.. dn. I Do. d 


. p.id» 






Life Hdtnber ... 




20 





To Do. do. 129 Old Student* ,. 




1S6 9 





To Do. do. 1 Do. ptidMMember,, 


3 3 





To Do. do. li N«w 8tndenl« 




It U 





1 Toaul>MiribinKCuUirri«i,rii.:— 








^^ A>liiDgton 


a a u 




^^_ 


^^k BmmwbH 


i 4 




^^^H 


^^H HbHob „ _. 


10 10 




^^^H 


^^^M Varth Uetton 


6 6 




.^^^H 


^^^H Ibunton 


10 10 




^^^H 


^^1' hjW" 


14 




,^^^^H 


^^^H 


a a 




'^^^^1 


^^^H Sooth Hettdi uiJ Marten 


8 8 




^^^H 


^^H StcIU 


2 2 




^H 


^^^B 


2 2 








4 4 




^^^^B 


^^m WUtwortli 


2 2 




1 






58 le 


1 


^^H To lUinbm' Amu* 




81 18 


1 


^^M TanndnU* Do. 




6 6 


1 









— 1,709 10 1 


^^B To B>k of PnUitatioui, per A. Beid 




183 6 


9 






15 18 











- 166 18 9 
£4,9B8 8 1 J 


^^^^^^^^^^ 






J 



(XV) 



INSTITUTE OP MINING AND MECHANICAL ENaiNEBES. 



Ausfusi, 1879, 




%^ ■ #' " \J 


1 A^l 


Cb. 






£ s. 


d. 


£ s. d. 


By Paid A. Reid, Pablishing Acoonnt 


• • • •• • 


588 9 


6 




By Do. Covers for TsriM and Stitching 


• • • • • • 


66 2 







By Do. Binding and Sewing Volamet 


• « • • • • 


61 18 


6 




By Do. Postage 


• • • « • t 


68 19 


8 




By Do. Stationery and Circnlari ... 


• • • • • • 


61 12 


9 




By Do. Library 


• • • ■ • • 


86 12 







By Do. Insurance and Advertising 


• • • • • • 


7 6 


7 




By Do. Borings 


• • • • « • 


68 10 







By Do. Hutton Collection of Fossils 


« • • • • • 


92 12 


4 




By Do. Reprinting Volnme XVII. ... 


• • • • • • 


260 





1,251 1 10 
2 18 8 


By other Printing and Stationeiy 


• ■ • « • • 




■ . • 


By Secretary's Incidental Expenses and Postage 


• • • • • • 




• • • 


186 3 10 


By Sundry Accounts 


• • • • • • 




• • • 


47 10 8 


By Travelling Expenses 


• • • • • • 




• • • 


16 9 


By Secretary's Salary 


• • • « • • 




• • • 


800 


By Assistant's Do 


• • • • > • 




• • • 


76 


By Reporter's Do. 


• • • * • • 




• • « 


12 12 


By Payments on account of Furnishing 


• • • •• • 




• • • 


87 6 


X) Y Xvdl V ••• •■• ••• ••• ••• ••• 


• • • • • • 




• • • 


78 8 1 


By Rates and Taxes 


• • • > • • 




• • • 


14 8 6 


By Fire Insurance 


• • • • • • 




• • • 


8 15 8 


By Water, Coals» and Gas 


• • • • • • 




« • • 


22 18 5 


By Subscription to the Natural History Society 


• • • • • • 




• • • 


20 


By Bumup & Son 


• • • • « • 




• • • 


24 11 8 


By Watson & Son 


• « « • • • 




• • • 


6 14 


By Books for Library, in addition to amount paid A. Reid ... 




• ■ • 


9 4 


By Publications Returned 


• • • • •• 




• • • 


8 8 


By Instruments 


• • • • •• 




• • • 


20 14 6 




2,080 4 10 


By Bequest of the bite R. Stephenson, Esq., invested in Shares of the 




Institute and Coal Trade Chambers Co., Limited 






2,000 


By further Amount invested in Shares of the above 


i Company 






680 


By Balance in hands of Liquidators of District Bank 






12 7 8 


By Balance at Bankers 


• • • • • • 






166 8 6 


By Do. in hands of Treasurer 


■ • • • • • 






24 12 10 


Audited and Certified, 










JOHN G. BENSON & CO., 








Public AcooirNTAirrs 


t 






Newcastle-on-Tyne, 










August 2nd, 1879. 


















£4.963 8 4 



"las ||ss I 



I 



i.r '^s 



if. 

I 



lli^^i -^?l If 

S'S^ ' I J-g ?S| |'5 « ! 8 t ■! 

||j8f||||5l|StI|| 

= .£.3 81'E**"^-:.^5***'- 

Ills 53 3 3 ? 33333 



ll 



Matrons. 



HU Grace the DUKE OP NORTHUMBERLAND. 

Hia Grace the DUKE OP CLEVELAND. 

The Most Noble the MARQUESS OF LONDONDERRY. 

The Right Honourable the EARL OF LONSDALE. 

The Right Honourable the EARL GREY. 

The Right Honourable the EARL OF DURHAM. 

The Right Honourable the EARL OF KAVENSWORTH. 

The Right Honourable the LORD WHARNCLIFFE. 

The Right Reverend the LORD BISHOP OF DURHAM. 

The Very Reverend the DEAN AND CHAI>TER OF DURHAM. 

WENTWORTH B. BEAUMONT, Ewi., M.P. 



fouoraiu "^tvAm. 



The BigLt Hnntmnble th« EARL OP RAVENSWORTH ... 1S77 

WILLIAM ALBXANDEli, Esq., Iiupwlor of Mlnoa, Olugoir .. IS(>3 

• JAUES P. BAKEK. Esq., Inspwl-T uf Min™, Wolverliampton ... 1863 1866 
JOSEPH DICKINSON, Gm|., Iiwpcctor of Mine*. Mancheffior ... 1S53 
THOHAH EVANS, Etq^ Lupector of Hinet, Pcii.;-Bryn, Duffield 

Rii«d. Derby 1865 

■ HENRY HALL. E«|., Inipcctor of Ulnoa, RuinhiU, PreKott ... 1S76 

• RALPH MOOHE. Eb.|., Itupoctor of Mines, UUi^w 1866 

CHARLES MORTON, Ea^., Tlio Onuigt. St. Paur», Soutbport ... 1863 

• THOMAS K. WALKS, E>q., Incpcctor of MIdm, SwftniM 1855 ISGG 

• FRANK N. WARDELL, £k|., Inipcclor of Hiuei, Wath-on-Dcune, 

□mr Rotherhun ISGl 186S 

■• JAMES WILLIS, Esq., Inspector of Mineg, 14, PortUnd Terrace, 

Ncwcullo-DD-Trne 1S57 1871 

TnOUAfi WYNNE, Etq., Inspector of Mine*, Manor Uoaae, Qnowll, 

SuRord l^Sa 

B. P. PHILIPSON, Ehj., Newca«tle-upon-TrnB 187* 

WARINOTON W. SMYTH, Ex|„ £8, Jermjn Street, London ... 1869 

Tni Vui RiT. Db. lake. Dean of Durham 1873 

• Paar. W. 8. ALOIS, MJi., CoUege of Pbyrical Science, Nevcutle 1873 

• , G. 8. BRADY. M.D., F.L.8. do. do. ... 1876 

• „ A. FBEIBE-MARRKCO. M.A. do. do. ... 1872 

• . A. S. UERSCHEL, U.A., P.R.A.S. do. do. .. 1872 
IL DE BOUUEUILLE, Commandenr de la L^d d'HonneiiT, Con- 

•eUler d'jtst, Inspecteni General de« MiniM, IVii 1653 

Db. H. von DECHEN, BergbaaptmuiD. Ritter.etcBon-an-Rhme, 

PrunU 1863 

M. THEorniLE GUIBAL, School of HiDa, Mom, Belgiam .. 1870 

M. E. VCILLEMIN, Mine* d'Auidw (Nord), Frano« 1878 



%iit "^txabtti. 



C. W. BARTHOLOMEW, Ek]., Blakeale; Hall, ncttr Toircoter ... 1875 

DAVID BURNS, Eaq., C.E„ Brouk>ide, H^tifhUtle 1877 

E. 6. COXB, Ek)., Drifton, Jeddo, P.O., Lnienie Co., Pentu., D.8. ... 1S78 1874 

EHNEilT HAGUE. E«]..CMtUDjko.ShdBi)U 1878 1876 

O. C. HEWITT. Coa]|HtEIcatt>CotUcr7. Dear Brutol 1871 1879 

HENRY LAPORTK. Eih(., H.K„ on. Kue Rojalo, Bnuieli 1877 

KATHAN UILLRR. Knrhurballa CuUieruM, Ewt tndlwi Rail**;, 

Chinl line, Bengal 1878 

H. J. MOBTON, Bw|., 4, R^jal CrucenC, Scarbomn^h 1866 1861 

W. A. POTTER, Ew).. CiunUiigl.ui Uoiue. NortJiuiDberland ... 1663 1874 

B. CLIFFORD 5H1TU, Km]., FwLHchl, So-inton, Hancbertct 1874 



OFFICERS, 1879-80. 



a. C. OBE£NW£LL, Eiq„ F.O.S., Tpienioutli. 



©■ut-irwiirats. 



L LOWTHIAN BELL, Baq„ M.P.. RounUm Onuiffe, NnrthsUertOT, 
WM. COCHRANE, Eiq., St. John's Chsiuben, Oruuger Stniet Wat, 

NcwcMtle-on.Tjtie. 
Q. B. FOItSTEK, Eaq., B»ck«orth House, Newcutle-oa-Tjne. 
JOHN MARLEY, Esq., Milling OfHces, DuUngCon. 
J. B. SIMPSON, Esq., HodgeGeld House, BUjdoa-oli-l^ile. 
A. L. STEAVESSON, Es.!-, Durhim. 

Counril. 

T. W, BENSON, Etq , 11, NewgaU Street, Newcutle-oD-Tyns. 

E. T. BOYD. Esq., Moor Hoosc. Fenee Housm. 

T. FORSTER BROWN, Ehi-, Guild Hull niumlierB, Cardiff. 

T. W, CORBETT, Esq, Saiton House, Seahani Unrbour. 

S. B. COXON, Esq., Usworth Hall, WuhingtoD Station, Cn. Durham. 

T. Ii. OALLOWAT, Esq., I, St. Nicliolu' Bnildingt, Newcutle-oii.Tjii«. 

W. OREEN, Jun., E«.i.. ThorneU; House, Lintz Oreen. 

THOS. HAWTHORN, Esq., 08, Rje HUl, SencMtle.on-Tjne. 

W. H. HEDLEY, Ejmi-, Medomslej, Newoastle-on-Tjne. 

THOS. HEPPELL, Esq., Lenfield House, Cb ester -le-Stieot. 

WM. LISHMAN, Esq.. Bunker HUl, Fence Houses. 

QEO. MAY, Eaq., Harton CoUier; Offices, Tyue Docks, South Sliieldi. 

D. P. MORISOS, E»q., 21, CoUingwood Stroot, Newcastlc-ou-T.vnc. 

JAMES NELSON. £sq.. Murine and Statioiuirj Engine Works, Unti-^liead. 

B. S. NEW ALL, Esq., Ferndeue, Oateshtad. 

A. M. POTTER, Esq,, Shire Moor CoUiery, Newcastle- on -Tjne. 

J. T. RAMSAY, Esq., Walbottle Hall, BUjdon-on-Tjne. 

J. O. WEEKS, Esq., Bedliogton Colliery, Bedlitigtou. 

fSiB W. G. AHMSTRONQ, C.B.. LL.D., F.R.S, Jesmond,' 

NewcasUe-on-Tvuo. „ 

K. F. BOYD, Esq., Moor House, FctlPu Houses, I jiJ^ 

J Sia QEO. ELLIOT, Bart, M.P., Houghton Hull, Fence i ' ''™'"" 



THEO. WOOD BUNNING, Neville Hall. NoxTcaj 



i 




1 AsAKS. Q. F.. Oiiitd FIbU duLtDbOTB, Cardiff ,,, 

2 ADAM^ W., CkmbridgD Hoiuc. Park Place. Cardiff ... 

5 Adjlmsok, Daxikl. En^iiooring Work*, Hjde Junction. Mancbeitor 

4 Add*. W. F., DmnflpJd, nwr Sheffield 

B AlTEin, HSKBr, Falkirk. N.D 

6 Alu«oic, T., Bolmont Minos, Oniibro' 

7 Ahdiwok. C. W., Sou Viow, Sonth Shields 

5 AvoiEMM, William, RwnUin Colliarj, Fence Hoiuea 

B AjniBiWB, Huon, Folton EVk, Fclton, NorthiunberlBod 

10 ApTLIBT, C. E., Cliaring Croo Chamben, Doke Street, Adelphi, 
Iionilon, W.C. 

U A&oniR, T., Daniton Engine WorkiiOateiliead 

18 AuitBTBOiia, Sib W. U., C.B., LL.D.. F.R.S., Jeonond, Newcutle- 
Dpon-TfDO .. ,. (Pabi PBKUDBWTt Membtr of Cotmcif) 

la Autmono, Wit, Sen., FnUw Knuae, Che«ter.lo-Stroet 

U AufanoBO, W., Junior, WlngBte, Cu. Durham 

16 AiMaTKona. W. L.. Lmght W.o.l CVUlier; Co. Ld., Aldridge. nr. WaUall 

16 AkTHDB, DAriu M. E.. Amrington, nnr Hanchestor 

17 AiHwiu, H., Anchor Colliery, Longton, North St«irord»liiro 

18 AinwuHTU, Jahu, 66. L'ppur Duke Street, Southpnrt 

IS AJinwoHTti, Joax, Jun., 81, Bri%e Street. ManelieiUr 

90 A«qOtTB,T. W., Sealun Delaval Cnliivr;, Nurthnmbvrland 

SI ATKUitali, J. B.. Ridley Hill, Stockslluld-Kn-Tyne 

aa AnijraoH, W. N., Chilton HwT. Fcntw Hon<« 

as AnaiT, R. C, Saluburj Temco, Garfurth, anr Uwd* 

M AcanxB. Jodv, Cadiow Cool Co., Olupiw 

Se AmiLBr, Wm, Birtla;, Che*tcr-le-8treet 

H DAQLir, CuAa. Jonx, Tee* Biiil^ Inm Co., Stnektou 

87 UAiuti, Okorom, Mtirtou CvlUer;, Hunderland 

18 Bailm, Josx, Winkle CoUlsr;, Feirjhill 

19 Bail*!, T., Junior, 41, Lot^uo Place. Nawcutl»'Oa<TyiM 

K Bailh, W., Hurton CoUior?. Sauderland 

SI Uaiuii. O.. St. Joha't CoUIcTv. WakuMd 

82 Uailii', Sahcrl. IVrry Ilarr, Btnuingluun 



Dm. 


6, 1873 




18S4 


Aug. 


7. 1876 


M.y 


6. 1876 


Mar. 


2. ISSfi 


Feb. 


1.1868 


Ang. 


21, 1853 


Aug. 


21, 1868 


Oct. 


6, 1872 


Aog. 


1,1861 


Julj 


2, 1872 


Ma, 


3. 1B66 


Aug. 


21, 1853 


April 


7,1867 


Mar, 


3.1864 


Aug. 


4, 1877 


Uar. 


6,1863 


¥ch. 


5, 1876 


Se^l 


a. 1876 



Feb. 


B, 1870 


Nov. 


4, 1876 


M-r. 


3. 187B 


Jane 


G, 1876 


F«b. 


8. 1B77 


Sept. 


6,1868 


Oct. 


7.1858 


April 


7.1877 


Juno 


6.1869 



(ndj 

33 Baia, B. Dokald, Newport, Monmuiitliiihin! 

S4 BlMBBloaR, R, Xiiunei7 CoUiar; OfBcui, Sheffield 

36 Banks, Thoiuh, Leigh, nciftr Manclieator 

36 Babclat, a., Cnledouja Fonndry, Kilmamijck 

37 BAaKUB, Wu,, 1, St. Nicholas' BuiMiii|{B, NewcasUe-ou-Tyne 
3H Bahkeb, T., ScaMin DcUval Office, Quay, NewcMtlo-on-Tjno 

89 Babbat, a. J., Hnabon Coal Co., Kuabon 

40 Bamtdolombw, C, Castle Hill Hotue, Ealing, London, W 

41"Babtholombw, C. W., Blakesley Hall, near Towcoster 

48 Babbbti, a., Trede^r Mineral Estate OIGoe, Cardiff 

43 Batw. Mattsiw, Bew» Hill, BUydon-on.Tjno 

U BaTkh, ThOKAB, Ueddnu, Wylain. Northamberland 

4& Bates, W. J., Old Aiwell, Whickliain. Qatflahead-on-Tyne 

46 BiTBY, Johh, Nnwbnry CoUiBriea, Cuhtord, Bath 

47 Beaitlardb, A.. M.A.. North Bailey, Durham 

48 Beafuokt, Jaubs, H.E., Onghtbridge, iii»r Sheffield 

49 Bell. I. L., M.P., Eouuton QraiiKe, Northallenou(ViCB-PKBBU)«KT) 

50 Belu Jouk (Ueairs. B«ll Brothers), Middle9hro'-oii-Te«a 

Gl Bell, Titovas, Crosby Court, Northallerton ... 

ES Bell, T., Jon. (HeHra. Bctl Brathera), Hiddlcabro'-aD-TeM 

53 BitTEsON, J. a., Accountant, Ncwcaatle -on -Tyne 

64 Bbnsoh, T. W., 11, KowgBto Street. Newoutle fMnmier of CouaeilJ 

65 BsHELBr, C, Marley liill Cullierr, UuUshvad 

66 BsaRTM-tN, Robert ... .... 

57 Bhswickh, Wjc., Sonth Parade, Bwhdale 

68 Brwice, T. J., M. Inat. C.E., F.O.S., Haydon Bridge, Northamberluid 

69 Bidder, U. P., c/o C. J. RyUnd, 3, Small Street, Bristol 

60 BiOLAND, J., Bedford Lodge, Bithop AnckUnd 

61 BlNNB, C, CUycriMS, Derbyihire 

63 BtRAM, B., Peascley Cross Collieries, St. Helen's, Lanooshiro 

63 Blace, Jaubs, Jun., Portobello Fauudry, 9aiidorland 

64 Black, W., Hcdworth Villa, South SWelds ... 

65 Molau, H. Q.. Little Ingcstre, Stafford 

66 BoLTOK. H. H., Newchnrch Collieries, near Manchester 

67 Boot, J. T., M.B., Westfield Home, Sutton, nwr Mansfield ... 

68 Booth. R. L., Asliington Colliery, Dear Morpeth 

6a Bobbies, Tbm., Loinliard Street, Quay, Nowcastle-on-Tyne 

70 BorHNE, Petes, 39, Rodney Street, Liverpool 

71 BouBNK, THoa. W., Broeeley, Salop 

72 Boro, E. i\. Moor House, Fence Uousea ( Pabt Pbbb., Mmn. of CokhcU ) 
78 Boyn, R. P., Moor House, Feuro Houses ...(Manber of CoanciiJ 

74 BOYU, Wm., 74, Jesroond Koad, Newcastle-on-Tyne 

76 Bbadfobh, Obo., Etherloy, Bishop Auckland 

76 Bhechon. J. B„ Park Place, Souderland 

77 Bkbttkll, T., Mine Agent, Dudley, Worcestershire 

78 Beoqdeh, J 

79 Bbouilow, Wm,, Queen's Rnnd. Soutliport, Lancashire 



Mar. a, 1878 
Dec 8,1868 
Aug. 4, 1877 
Doc. 6,1866 
Ang. 21, ISSa 
Oct. 7, 1871 
Sept. 11, 1876 . 
Aug. 6,1863 
Dee. 4, 1876 

1864 
Mar. 8. 1878 
Mar. 3.1673 
Uar. 8. 1B7S 
Dec 5.1868 
Mar. 7,1867 
Nov. 7, 187* 
July 6,1854 
Oct. 1, 1867 
Sept. 3,1670 
Mar. 7,1607 
Nov. 7,1874 
Ang, 2,1866 
Auk- 21, 1363 
Ang. 6,1876 
Sept. 11, 1875 
April 5,1860 
May 2,1867 
Jnne 4, 1867 
July 6,1864 

1856 
Sept. 2,1871 
April 2,1870 
Mar. 6, 1875 



Dec. i 
A,,ril ] 



1871 

1864 
April 11, 1874 

1854 
Sept. 11. 1876 
Aug. il, 1853 
Nov. 6, 1869 
Feb. a, 1867 
Oat. 11,1873 
Sept. 8,1864 
Nov. a, 1866 

1861 
Sept. 2.1876 




(nii) 

IL CUjUu street, Newcutle-on-Tfiu Uar. 7,1874 

Bt, Littlovorth Uoiuo, Hedneifanl, ocu Stafford ... Oct. 6, 1854 

t. v., 56, Union Puuge, Kcw Street, Binnlnglum ... 1861 
83 Bkown, Thos. Fobstbb, Ouild BaM Chamburs, Cardiff 

irjfirmier o/ CeuneilJ 18G1 

34 Browhb, B.C., Awo. M.I.C.G.,Xa.Oniiivilli)lt«iI,Jesmnml,Ii'cBcUa Oct. 1,1870 

SS BitrToli,W.,Wliit«ood,NaniiAntan.StreethoQse Colli., nr.Korm&Qton Feb. 6, 1869 

B6 Bbtbak, Wiu.i*M, RoiebHdge ColliOT7, Wigan Aug. 1,1861 

67 BirnAH, W., Jun., Duuglu Bank CoUieriea, Wigan Aui;. 8, 166E 

es Bdkhiho, Tujw. Wood, Nevme Hall, NewouUe-on-TjTie 

fSfcrclary ami TrtantrerJ 1864 

8ft*UDiiiiB, DiTiD. C.E., Bronkridc, UaltwhUtte Muy 6,1877 

80 BrSBOWC, JakIH, Don^lu Bunk, Wigun, Lancashire,. ., May 2, 1867 

fil BcsKOWB, J. S., Oraon Hall, AUiurtun, MaucLcBtcr Oct. 11,1873 



92 Caldwili, Obobos, Tilom Ball CdIUct;, near Wigan 
89 CaMPUU. W. B., Coiunlting Kngiiieer, Ure^ Street, Neircaatle 
84 Cabh, Wk. CocHBJUr, Snuth BeowcU, Newca«tle-oii-'I>e ... 
86 CjuutlxoTOti. T.. Jon., High HazcU, Uarnal, near Sheffield ... 

86 Catbo!>. J., Bmtton Hall. Saltbnm-b;-the-Sea 

87 CnAimoRN, B. T., Flniton CoUieriet, Alfr«tan, Derbjihire ... 
9» CHAnwicE, V!. H., Bank Collierj, Little Ualton, or. Bolton, Laneaihlre 
99 CHaxBlBA, A. H., Tborucliffe Iron Workt, near Sheffield 

100 CnAPVAS, U., Plaahctta Collier;, Nortbumberland ... 

101 Cbabltom, K., ETenwood Collier;, Biibop Aocklaod ... 
lOa CBABLTO^t, P., C.E., Hoot Hall, NewcaatleH>n-T7ne ... 
108 CnAKLTOV, OiOBOB, WaabinKton Collier;, Co. Durham 
104 CfuCKUT. Thomib, M.B., Lichfield Street, Walwil ... 
IOC Chkwmaii, I., Throcklej ColUcrj, Newcaallp-oii-Tjme 
100 CltKlnKAlt, W. T., Wire Dope Manufacturer, Hartlepool 
107 CniLDB, RowuDTD, Wakcfldld, YorkiUre 
106 Clakbnci, Thohai, Eltwick GiUierj, NGircaatle-on-T;no 
1U8 CUBK. C. F., Qam-uod Coal and Iron Co., near Wigan 

110 Cl.UK, O., Chcttwton Coal & Inm Co. Ld., Cheatarlao, Ko 

111 Clabx, O., Jan., SoatJiwick Engine Woika, Suuderland 

112 Clue, B. B., Harle; Hill, near Qat«haad 

118 Cube, W., H.E., The Orange. Tevenall, near Haiufield 

114 ClasXS, Wiujax, VSetoria Engine Works, Oatnhead 

11& Clitvt. J. H., 26. DeTonshire Street, High Bronghtoo, Uanoheitei. 

116 CocuKAZB, B., ildin Giange, Durham ... ... 

117 COCHBA5IB. C. The Orange, Stourbridge 

118 Cocaauil, W., St. Jobn'» Chamber*, Orainger Street Wort, Neweaatio 

(Tici-PBUiBurr) 

119 CooKSUKf, O., 8, Summerhill Grove, Noweaatle-on-'I^riw 

ISO CooxBCur, W., HuntcliRe Uoum, Saltbumb;-the-SM 

Ul Cot, W. 8., Ncvchapct C'lUivr;, TuuttaU 

Its Coke, U. U., Brlinin«ton Hall, near Clisileracld 



Har. 6, 1SG9 
7,1876 
8,1867 
1,1861 



Aug. 



. 3,1866 

1864 

Doc. ♦, 1876 

Mar. 6. 1869 

Aug. 1,1868 

Sept. S. 1B68 

Sept. 2,1871 

Feb. 6, 1876 

Aug. 7, 1889 

FeU 1. 1878 

Feb. 6.1876 

Ma; 15.1862 

.. D™. 4,1876 

Aug. 2.1866 

Stailardi. Dw. T, 1867 

Dec fl, 1878 

Haj a. 1878 

April 7,1866 

Dec 7.1867 

Ha; 6, 1876 
Deo. 6, 1666 
Juno 3, 1867 



D«c 6,1866 

Oct 1, 1869 

Feb. 6, 1876 

Ma;! 6, 1S6S 



125 COLB, RicHlBD, Wklker Collier;, nuir Newcaatle-on-Tyne April 6, 1873 
124 Cols, RoBEBT HiATR, Scholar Groen. Rtoke-npoTi'Treot Feb. E, 1B76 

126 CoLB, W. R., Broomfleld, Jennoiid, Newcaitte-i)D-T;ne Oct. 1, 1857 

126 CoLLis, W. B., Switiford House, Stourbridge, Worcestcnhiro ... Jnne 6,1861 

127 COOE, J., Jqb., Wsshiiiglon Iron Works. Qstosliwid .. Maj 8, 1869 

124 CooEE, JonN, North Brsncepeth CuUivrj, neia Uurhun 

129 Coi>ESBT, JosBPii, West Bromwich, SbUTordiliira 

130 COOFEB, P., Tbornlcj Collierj Office, FcrTjliill. 

131 CooPBB, B. E., C.E., 1. Weatinioslcr Chamber^ Victoria Street, LooOod 

132 CooFSH, T., KosehiU, Rothcrham, Torkuliire 

133 CoFB, Jambs, Port Tale, Lnngport, Stiiftardahire 

IS* CORBBTT, V. W., Beaton Hoqsp, Sealiam Harboar fMtm. of CouncilJ 

186 CoBBlTT, H., Wire Rope Manufacturer, Teama, Oatiwliead 

1S6 CouuoN, F., Shamrock Houw, Durham 

187 Corneas, W., Shamrock Houm, Darliam 
1S8 COWBH, Job., M.P., Blaydoti Burn, Norcactlo-on-'I^D 
139 Caver. Jons, WeamuiDth Colliery, Suuderlaud 

1*0 CowusHAW, J., Tliomcliffe, ic. Collieries, near Sheffield Mar. 7.1 

141 Cox, John H., 10, St. Oeor^'* Square, Bunderlaiiil ... 
142"Coia, E. B.. DrifWrn, Jeddo, P. 0. LuMnic Co., P«niu„ DJ 

143 Coxati, Hbnbv, Qua;, Newcaatle-on-Tjrne 

144 CoxoK, S. B., Uiwottli CtJUcr)', WashiiiKtoii Station, Co. Dnrluuii 

(Memier of CouneilJ 
116 CsAia, W. T.. Palacai Chambers, St. Stephen's, WestminstCT, London 

146 Cbawfoks, T., Littletown Colliery, ne»r Darham 

147 CsAwjoBP, T., 3, Graitnere Street, QateahoadKin.Tyno 

148 Cbawfobd, T., Jud. Littletown Collier;, new Uurhiun 

149 CuAwaHAT, £., Oate«liead-on-TyDe 

150 Cbawbiiat, O., QateaheMl-au-T;De 

161 CaorroN, J, O., Enb CoUiBTj, Durliam 

162 Crone, E. W„ KilUngworth HaU, near NL-wcutlc-on-Tyne ... 

163 ChoKK, J. H, Tow Law, Bio Darlington 

164 Chokb, S. C, Killingworth Collierj, Newcastle .... 

166 Cbdb8, Jobh, 7S, Cross Street, Hancbester 

166 CuotfDAOB, C. J., The laurels, Newton, by Chester 

167 C'boodaob, John, We>t House, Haltwhistlo 

158 Cbocdacx, Tsohas, Lambtou Lodge, New South Wales 

169 Dabdboh, Mans., Ing^nicur ani Mines do Laos, Paa da Calais 

160 Daoijbu, Johm', Marsdeo, South Shields 

161 Daolibh. W. S., Solicitor, Newcastle-on-Tpie 

162 Dajibbs, J., Chilton Colliery, Ferrybill 

163 DiUt, David, West Lodge, Darlington 

161 D'Abdeimoht, T., Li^go, Uelgium 

166 Dasixl, W., 37, Camp Eoad, Leeds 

166 DABLina, Pbihtice, South Durham Colliery, Darlington 

167 Dabumsion, Joeh, 2, Coleman Street Buildings, Moorgnte Street, 

Great Swan Alley, London April J 



Nov. 

Aug. 3,1866 

Dee. a, 1867 

Uar. 4, 1871 

AprU 2,1863 

Oct. 6, 1873 

Sept. 3. 1870 

Dec. 4, 1875 

Aug. 1,1868 

Oct. 1. 1868 

Oct. 6, 1864 

Sm-. 2,1873 



Feb. 6.1876 
Feb. 1, 1873 
Sept. 8,1871 

June G. 1866 
Nov. 3, 186G 
Aug. 21, 1652 



Doc. 


4,1869 


Feb, 


7, 1861 


Mar. 


6,1870 


Feb. 


1, 166S 




1853 


June 


5.1869 


Nov. 


2, 1873 


June 


7,1878 




186Z 


May 


1,1875 


Aug. 


21,1868 


July 


8,1872 


AprUll,1874 


Feb. 


6, 1S70 


Sept. 


3,1870 


Juno 


4,1870 


Nov. 


6.1876 




168 Dasiihotoh. J„ Black IVk Colliery Ca Limited, RiiRboii Nov. 7. 1B74 

169 Datit. IIiNRT, C.R.. Leedx ... ., Oct. 11, ISTS 

170 DiviiiBON, Javh, Kewtattle Cnllierr. ItalkciLh 18H 

171 Datis, Uatio, Conl Owner, llxvyltynon, Abcrdarc Nov. 7,1874 

172 DAVigoK, GioBOB Mar. 4.1878 

173 DAT. W. H., Evmlcy (hrth. So. Milfurd Mw. 6,1868 

174 Dbacon, Mafsicb .,, Sept. 11, 1B75 

176 UiHS, K. H., Solicitor, NewcMtk-iii-Tjnc OeL 7, 1B71 

176 1>[C1IIH»UN, a. T., niiralbirkH. NorthumborLind July 2, 1872 

177 tncKlSBOH, R., Coal Owner, Shotley Dridgc, Co. Uarliam ... ., Mar. i, 1871 

178 DiiOM, D. W.. Brotton UiDon. Sdlbnm-bj-tho-Sw Nov. 8, 1878 

179 Dixon, NiCH., DadleyCnllieTy, I>[idle;,NorthQmbertand . 8upt. 1,1877 

180 DixOH, R., Wire Ropo HsnufoctDTflr, Teams, Qa1u>1ii!ad Juiio G, 1876 

181 Douov. W., 14, AaliHeld TerraoG West, Newcaitle-uii-Tjne , Scjit. 4. 1869 

182 DODD, li.. Bcarpark Collior?, nou- Dnrtuuii May 3,1866 

183 IIODPB. J., M.P., 8tockton-ou-Tce* Mar. 7,1874 

184 DoDOLAK, C. P., Ccnuett Hotur, Coiuott, Cn. Durham Mar. 6, 1869 

IB5 DoroLJiB, T., Ptwca' Wort Colliorie*, DarlinKton .. .. Aug, 81, 1B62 

186 DouTirwAiTi, T.. Mcrthyr Vale Colliorj, Merthyr Tjdril Jnne 6,1869 

187 Doy«, O., Viowficld, SUnwU. Carliale July 2, IWTa 

188 DowDUwiLL, H,. ItuttcrknouloOdlkry.via DwUngton April 6.1878 

IBti DvBOX, OiOROB, Middlubormigb ... ,, June 2, ISG6 

190 Dr«oii, 0., Uonghton Main CoUicry, DarOeld. near Barualey . Mar. 2, 1872 

191 EaRO^, J., NmI HonM. Oate>hmd ... 

192 EciBULET, Nathakibl, Slandiili Hall, nigaii 

193 Eddiioh, HonNT W., Slcun Plnngh Works, Leeds 

194 Euiro, J. S., AcoountaiK, Nowesitle-on Tyne 
196 Elliot, Sib Qiorok, Babt., M.P., Houghton Hall, Fence Uoumb 

(Pabf PbzBIPEST, Membfr of CouamtJ 
106 IfLLtat, W. 9., Hartowe* Hoiuo. Uomel Hampetesd, nertfonlihire .. 
Iff7 Elmott, W. TwJhoe Honie, Dnrham 

198 Euoox, RoBBKl, 76, Manor Road, Upper New Cnw, London 

199 eviLlTOV, T. W., The Cedar*. Methley. I.«edii 

SOU ExBLETOfl, T. W., Jan., The CoJara, Mcthley, Lcml* 

901 EvmsilH. J. U., Londonderry OIBoea, Sntum Harbour 

208 EvBkABD, L B., M.H, 6. Millstone lAoe, LeioertOT 

SOS FABXBa. A.. So. Darbam rittiug OfBcea, Wat Hartlepool 

SOi Farbai. Jahu. GUI Foundry. Bamiley 

aoG Faviu. Tiionah M., 11 l^ville Stmst, NoHh Shield* 

806 FiAKB. Joan WiLMoT, Choatorflrld 

807 FBNwirc, BAasASAi. Toua Colliery. Qateihead ... 

S08 FBitwirx, Oxomoi, Banker, Newautlu-oQ-Tyne 

Bu9 FiTiwicE, TiiOMAi, Fji4t Pontop CoUici7. by Linti Oreen . . 

ZIO Fbkbic, KoniKeoi', Oswald UalL nnir Dorhun 

811 Fiulbb, £.. PUtt Lane CoUierj. Wigkn, LsDOMhlra .. 

812 FUBBI, B. C, The Wcm. YitalyfoT*, Swmnwa 





1S53 


S,.,,[. 


2, 1H78 


Mar. 


-1. 1876 


Nov. 


7, 1874 


A.iif. 


21, 18E8 


IScpt 13. 1873 




1864 


Nov. 


4,1876 


Sept. 


6.1B66 


Sept. 


2,1866 


Mar. 


2,1878 


Mar. 


6,1869 


Mar. 


8, 1S7S 


July 


2, iH7a 


April 


6,1873 


Mar. 


6.1869 


Aug. 


8.1806 


Sept. 


9,1871 


Ai.ril 


6,1873 


April 


7,1877 


Sept 


1,1806 


Joly 


2,1879 



213 Flbtcsbb, Gbo., Hamiti<eli Collier;, near Diirltam Aug. 1. IA7i 

214 FLeTcasa, H.. Lxlyghore Coll., Little Lct^. B<>lCi>n, lAn«ii»)>iro ... Ang. 3, li)6S 
21G Fletcusr, Jab., Hunger Co-aperativo CoUienea, Wallwrid, ooir 

Ne^Hirtle. New South Wales 3«pl. 11. 1876 

216 FLeronin, J., Kcltnn Hoiwo, Diimfriet .. Jul; 8, 1872 

217 Flstciikb, W., Waterhead, Amblosidd . Feb. 4.1871 

21K FooaiH, WiLUAu, PeniherCuUier;, Fence Houtea Uu. 6,1876 

ai9 FoKBEST, J., Assoc. Inst. C.G., PontrehobiD Boll, Mold, FUntibire ... Uw. 6, 1870 
2S0 FoBBtsu, a. B., H.A., Backworth Hoiin, near NDWoutle-upon-iyne 

(VicR-PBUiomt) Nov. 6,1SGS 

E21 FonoTBii, J. R., Water C(k"i OIBoe, Ne*<TuUu-oH-Tjiio .. Julj 2,1872 

aaa Foesteb, J. T., Waldridge Collierj, CliosUr-le-StrMst .. ,. Aug. I, 18C8 

233 PoBSTim, RicnARD, 61, Qiiayaido, Ncwcoatle-on-Tjne Oct. 6,1878 

224 FoBSTBK, R., South Hetbin, Fence HooBCs ...Sept. 6,1868 

235 FoETER, OsOBaB, Osmoiidttiorpe Collierj', oesr Leed>... .. Har. 7, 1874 

236 FoTUBKOiLL, J., King Street, Qoiij, Newcaatla-on-Tjiie Aug. 7,1862 

227 FaisCK, Fbahcis. St. Helen'* ColUery Co. Ld., 8t Helen's, Laiiaishira Sept. 1. 1877 

228 France, W.. LoftbonBe Hinc«, Saltbiirn-by-tbe-Sea ... Apnl 6,1867 

329 FBAxea, Oeoboe, Victoria OaresSeld, Lidtz Green ... Feb. 6,1876 

230 Fbazier, Pboi-. B. W., Loliigh Uiiiveraity, Belblehem, Ponns., U.S... Nov. 2, 1872 

231 FirRHE^H. H. D., Cloac House, Bjivoiuwurth, Qateahead-on-Tjne Dec. 3, 1871 

232 QiLLOWAT, B. li., Ryton-on-Tjne Doe. 6,1878 

233 Gallowat, T. LiHDSAT, M.A., 1, St. Nicbobu' BuiliUnga. NewcasUe- 

on-Tjno ... fMmter of CoMneilJ Sept. 3, l&tB 

231 Oabdmr, Walteb. M.E., The Stouo House, BugcUj ... ... Feb. 14, 1874 

235 Gebbard, Joax, WcBtgate, Wokelield Mar. 5,1870 

236 GiBBOH, John, Rjhope Collier;, near .Sunderland Dec. 4, 1876 

237 Gill, Habhy, CoTuulting Engiueer, Nowcastle-on-TyuB Maj 2, IB74 

233 QiLLETT, F. C, Midland Road, Derby .,, Jul; 4,1861 

239 GlLHorE. D., PurtUad Collier;, Kilmamock ... ... Feb. 3, 1873 

240 QiLFiir, Edwin, 26, Spring Gardens, Hallfoji, Nova Scotia April 6, 1873 

2-11 Gti-aaT.a., Ince Hall Collier;, Wigan.Laucasbire Aug. 7,1866 

242 GiLHOT, S. B, M.E., Powrll Duffryn Collieries, Abwdare Sept. 6, 1868 

243 Gjkbb, JoHK, Sontbfield Villas, Hiddleabro' ... June 7,1873 

241 Goddabd, F. R., Accountant, Newcastle-on-'Tyno Not. 7, 1874 

246 Qooca, G. H., Linti CoUierj, Bumopfleld, Gateahead.,. ., ... Oct. 8, 18S6 

246 Qoodmas, a., Walker Iron Works, Newoutle-oo-Tyno Sept 6, 1868 

247 OoBDON, Jameb N., c/o W. Nicolson, 6, Juffroy's Square, St. Mary 

Axe. London, E.C Nov. 6,1876 

248 OoTT, William L. Sept. 3,1864 

219 Gbacb, E. N.. Dhadka, Aueiuole, Bengal, India Feb. 1,1868 

250 Gbant, J. U., District Engineer, Beerbbooti, Dongal, India ... ... Sept. 4, 1869 

261 OBAr.THouAK, Underbill, Taib»:!],Soutli Wales June 6,1869 

262 GBBiVKa, J. O., M.E., St. John's, Wakefield , Ang. 7, 1862 

253 Gbsbh, J. T., Abercam Fach, near Newport, Moamoutbibiro . . . Dec. 3, 1870 

264 Gbbbh, W., Jun., Tbomally House, Linti Green fMember of CouneilJ Fel>. 4 1863 




G OBBiyiB, JoBH. Qciiera] Manager, Vtle Coll., Hctou, Nutk iicDtiK . . , Fob. 

6 Qbhiinib, T., 7S. Arlliiftfnnl Biud, Briiton, Londnn, S.W. ... ... Aug. 

7 Gkekhwell, Q. C, Tynnnanth ... (PalaiDHST) Ang. 

8 Ohbitwill, a. C, Jun., PHynUin, neir Stockport 

fl Obeio, D.. Lccd* 

duBr, C. 0., 6G, ParlianiDnt Street, London 

1 Gkiith, D., Bnncirpeth Collier;, WilUnglon. Coantj Durham 
3 GRi^FiTn. N. R., Wreibun 

3 Qhiiubaw, R. J., Cowlo; Hill, St Helon's, lAnouhiro 

4 GBllllllkw, W. J., Stand L>ne Collier;, Radolilta, Huichatt^r 

5 Orocxd, B. N., lUdhaagh Callier;, Ontvihcsd-an-Tyiio 

IB Qmnom, Lcciih, Uirecl^nr des ChArbunnagei de Muiemont et de 

Baacoup, Hoiu, Bclginm ... Sept. 



... Ang. 



.. Sept. 
.. Not. 
.. Jnlj 



6,1876 
3. ISCB 
21. 1852 
6.1809 
2. 1866 
4.1873 
7. 187* 
1866 
G, 1S68 
1. 1873 
S, 1872 

2, IS71 






S07 Haooii. D. H., WMnnDuth Pslfiit Kopc Worka, Sunderland .. Mar. 4, 1876 

888 HAaBiit, P.. Gat4»liu]ul 18G4 

2fl9*HAOUF, E»»MT, CMHeDykB,9hefflcad Mar. 2, 1872 

870 HAiiiaB, J. ttiCHAHD. Adiieric; Given Collierj. onr Longton .,, Nov, 7, 1874 

271 Halm, C., Norqui* Cottage. NerquM, near Hold, Plint«faire l^BS 

S72 Hall, F. W.,1. Ellington Ten«a«,Je«nuad RoBd,Newcut1c-oii'Tjno Ang. 7.1869 

273 Hall. Oiohob, South Oareefleld Culliorj, Llnti Greco Har. 6. lH7fi 

274 Ball. M., LaftbDiin StMion CoUierio, near Wakofleld .. ... Sept. S, INSa 
276 Hall. M. S., M.E., We*t«rton, near Bubop Auckland Feb. 14,1874 

276 Ball. W., Spring Hill Mine*, Cumborland Count;, Kara Sootla ... Sept.lS.lSTS 

277 Hall. Wm.. Thomle; Collier;, Count; Durham Dec. *, 1H7G 

278 Hall, William F., Haiwell Collieiy. Fence Honwi -. Ha; 18,1868 

279 HASir,I!DMUND, Qhnmoor Villa. UpUnd>.S*anM* Sept. G. 1868 

380 UAHBOrrLB, W. H., Urrell CuUierj. near Wigan Dec. 4, 1876 

S81 Habdt, Joe.. Proiton Collier;, North Shield! June 8,1877 

882 Habobratm, WiLLiAN. Kuthwell Raigh, Irfwdl Sept 6, 1868 

183 Baio.!. Bicbard, llniwiie; CuUier;, Dnrhain .. April 7. 1877 

284 Hablc. WiLUAif, Pagebank Colliery, near Dorbam Oct 7. 1S76 

88G Haebuok, R.. Eaitwood. new Kattingbam .. 1861 

3m HAURleo!!. T.. Qieat Western Collier;, Pontypridd. Gbmorganiliirci Aug. 2, IM79 
287 KARaiaOX.T. B., C.E., Central Station. Newn«tlc-ou-T;ne . .. Ma; 6.1863 

tS8 HAMaiMH. W. B.. Bmimhilli Colllerie*. nwr WkImU ... .. April G, 1807 

20B UAairaLL, O. H., II. South Preetmi Tomoe, N'orth Sbii^ldi Hir. 3. l»73 

290 Hawthobn, T., 98. R;e Hill, Neweastle-on-Tyne r3lrm. of CovafilJ Doc. 6, }»m 

291 Hat, J., Jun., Wil]dring^)n Collier;. Aeklington Sept 4, 1»<60 

292 Hiciiu, KAirnKW. CaiUe Eden Collier;, Co. Durham .. April 11.1874 

»jnic«ui.W. J Ha; 2,1868 

2M Hndlit, Et>w., 2, ChunJi HUMt, Uind'm ttowl. Derb; Ik<c. S, 1864 

296 Hkplit. J, J„ ConaaU Collierlo^ Leadgate, Coontjr Oortiatii .. April 6. 1872 

296 Un>L>T,J,L..>.ElmVak^FklrSeld.LlToriMol Feb. 5.1870 

297 Hiulbt. T. P.. Vrinw. Snn&irland Mar. 4.1671 

298 BiULir, W. B, CouMtl ColUcrin, Uedomile;. Ne»naetl*H)n.T;no 

ftlemitr 9f CtvtetlJ ISM 



,1873 
ISSl 



337 



Hbsdbhsom, H„ Pelton Colliory, Choster-lo-Stnwt .. Feb. 14. 1B74 

Hrkbbiison, JOHH, Leauu Honse, Dnrhurn Mar, £,1670 

HEFFELL,T^LeafictdHoti«>,Birtle;.FencaHoiisei fMem. of CouneilJ Aug. 6, 186$ 

Hbpfbll, W.. Brencopeth Colliery, Williiigton, County Durham .,, M»r. 2, '873 

HlUDltJIN, J.. Park Crescent, Bri<%end, OtamnrgHuihira ... Oct. 4,1860 

Heblop, C, Lingdale HiuEH, cia Ouiibamngh Feb. 1.1863 

Hmlop, Obaiicobb. Whitwell Colliery. Sunderlvid Oct. 5.1878 

Ubelof, J., Hncknnll Tarkud Collior}-, near NottingliAin Feb. 6, 1S64 

Hbthbhinoton, D., Corlodgi) Colliery. Newcastle-on-Tyne 1869 

'Hbkitt, G. C, Coal Kt Ho»th CoUiBry, near Briitol Juno 3, 1871 

Hbwlbtt, a.. Haijh Colliery, Wigan, Lanciubire Mar. 7, 1861 

HicE, Q. W., 14, Blenheim Terrace, Leeds May 

HiOBON, Jacob, Si, CroM Street, tfaacliestfir 

Biasox, P.. Crvwn Chaiubera, 18. Booth Street. Hancheater Aug. 3, 1S6S 

Hill, Lbslib C, Bartholomew House, London, EC. Nov. 6, 1876 

HiiTOK, J., Slandish and Shovin^on dlliorioB. near Wigan ., Dec. 7. 1857 

HiLTOS, T. W.. Wigan Co»l and Iron Co.. Limited. Wigao ... .. Ang. 3.1865 

HiNDHABsn, Thomas. Cowpen Lodge, Blyth, KarthamberUtad ... Sept. 2. 1876 

HoDoeoN, J. W., Dipton Colliery, no Lint* Oreen SUtion Fob. 6. 1870 

HoLDiito, W.. Brinsop Hall Coal Co., Wigan Mar. 8,1877 

UoLLiDAY, Maktin. M.E., PeBsea' West Collieries, Crook May 1, 1875 

HoLMBS, C, Orange Hill, near Bishop Auckland AprilU, 1874 

HoHsa, Ca.tHLBB J., Cavenwall Castle, Btoko-on-Trent Aug. 3, 1S66 

Hood, A.. 6. Bute Cregcent. Cardiff AprillS.lSGl 

HopB. Obdbob, Newbottle Colliery, Fence Hontea Feb. 8, 1877 

HORNBOV, H., Wbitvorth Terrace, iria Spennjmoor. Co. Durham ... Aug. 1, 1874 

HOHSLBY, W., Whitehill Point, Percy Mmii ..Mar. 6,1857 

HoBKoiD, H. D., C. and M.E.. F.R.G.S.. F.O.S., M. Soc A., Ac. ... April 1, 1871 

Howard. W. F., 13. Cavendish Street, Chesterfield Aug. 1, 18G1 

HcDUOSf, Jahbs. Albion Mines, Pioton. Nora Scotia ,,, ... 1862 

HCQIIBS. H. E., Old Durham Colliery, Durham Nov. 6, 1869 

HrjlBi.B, JOHH, West Pelton, Cheatar-lB-Streot Mar. 4,1871 

HuMBLi. Joa.. StovHley Works, near Cheaterfield ... ... ... June 2.1866 

HcKTBH, J., Jun., SilksUine and Worsbro' Park Colla., nr. Barnalej... Mar. 6. 1869 

HcNTBB. W.. Monk Brctton Colliery, near BamalBJ Oct. 8, 1861 

Hr.-itBB. Wm.,3.1. Grey Streel, Non-castle Aug. 21, 1863 

HuNTEB, W. S., Moor Lodge, NcwcastJc-upon.Tyne ... 

HCNTllttl, CnAQLBB, Fence Houses 

HtTHST, T. G„ F.O.8., Lauder Grange, Corbridga.on-Tyn 



338 Jaccboh, C. G., Wigan Con! and Iron Co., Limited, Wigan 

339 jACEaos, W., Cannock Chase Colliorios, Walaall 

340 jACEBai), W. 0., Hazel Farm, Methley, near Leeds 

341 Jabbatt, J.. Broomside Colliery Office, Durham 

342 Jeffcooc, T. W., 18, Bank Street. Sheffield 

348 JRNKISB,W.,M.E.. Ocean 3.C.CoUa..Y»trad,nt. Pontypridd, So. Wales Deo. 
844 Jbhuiics, Wu.,Cunsett Iron Works, Ciiiuett, Durham ... Mity 



.. Dec. 6,1866 

. Aug. 21, 1863 

.. Jane 4,1870 
.. Feb. 14, 1S74 
,. June 7. 1878 
.. Nov. 2, 1867 
.. Sept 4,1869 



2. IU74 




i 



Ufi JOBHAaaoN. J., U'fldculull Streot, London, E.G. Jul; 2, 1M78 

340 JOBiraoN. HsNuT, Uadley, WorccrtetmMre Aug. 7. 1869 

M7 JoBiCBOH, Jonir, M. IiuL C.F... F.Q.S.,21, Victoria Square, KevcutU Aug. 21, 1^52 

S4B JOKHIOM, J., Witlaj CoUlerj Co. Ld.. Halusawen, nr. Birminghain M»r. 7, lB7i 

SIB JoRvaoic, R. S., 8]u<rbuni Hidl, Dortum 

8S0 JonnsTox, T., Doanmoor Collicrj Co., b; Cockonnonth 

SSI ioKtj, JoiiK, NowUili Hall, 8tock*Aeld-an-T)-no 

363 Jaicar, J. U., Fnrtli Banki Weat Faoter;. Nvwcutle-uD-Tj 

S6a Joicii. W. J.. TaiifloU Lea Colliery, Bumopfiuld ... 

3U JOJtUAK, RmSI-T. Ebbw Vale. KoutU Wale* 

85S JiMxru, D. UAVia. Tj Draw. PuDtjpridd, Suuth Walei 
SU JoaiFIi, T., T/ Draw, near PanLypriild, Suuth Walei .. 



A.>6. 


21. 1852 


April 6. lS7a 


Sept. 


3.1653 


April 10, 1869 


Mar. 


6. 1S(59 


Nov. 


7, 1874 


April 6, 167i 


AprU 


6.187a 


AtiK. 


t. 1S7« 


Mar. 


7. IST4 


Oct. 


3, 187* 


Jutio 


6,1868 


Oct. 


6. 1S73 


Feb. 


1, 1873 


Anr. 


7. 18G9 


AprU 


6. 1873 


Dec. 


C, 1856 



N 



857 K*8*u>iT8Er. JoHP . 

868 Enaar, W., il, Fawcett Street, SiinderLtnd 

860 Kaaojtu, Johk D., Roper Street, Wbitebavon 

860 Kix.tiDT, Mtlm, H.E., HID Foot, Ulventone 

861 KinPTO.f. J. 0,. 40, St. Mart'* Gate, Derby 

862 ElBKBT, J. W., Anligrave. Wiudygatiss, Fife 

363 KiREWOOD, WiLLiiu, L^rklull CuUierj, Hamilton ... 

804 KuMOFP, JoHir. Team Colliery. Oateabead 

S6S KyowLM, A., High Bank, Pendlebury, HaiichestOT ,- 

866 KvowLKa, Joux, Weatwood. Pcmllebur;, Maiiebeatvr . . Dec. 5, IB&S 

SOT Khoitlm, Thouas. Itioe Hall, Wigari Aug. 1,1861 

868 KisCK, R. II. v., Watniiiuler Cbambcn, Wroihara Feb. S, 1870 

869 LaaiLAHD. J. J., Albion Street. Hanlej, StalTontsLiru Mar. 7, 1874 

870 LAtDUl, W. J. . . .. . Mar. 4,1370 

871 LUCB, R., Geator Mnor Colliery, i>«r Wlilluhaven .. S«pt. 2. 186fi 

878 Lakb, R. O., Oibodc, I.Uiti OrBon. Neircaitla-onTyna Aog. 8. 1866 

878 LuiB, RrcuABD W., Coal Owner, Nowautlc-a&'Tyno... .. .. Nov. 2. 1S78 

874 LutMKi. M. W., 9, guMn Street. Sewoutleon-Tr'" Ju'j H. 1878 

876 LtucuntM, John, Billon lirvngH, Rugby July 4, 1861 

876 LA5C*aTiR. J, Jnn.. AnHeld Hooh. WiIIm Uoad. LeanuD^ton .. Har. 2, 1866 

S77 LaxcAiTiB, S„ Naotyglo t llbuna 8tam Coal ColUeriea, Ubuna, If on. Aug. 3, ISOS 

878 LAHI1A.L1, A., LochgeUy Iron Worki. Fifeahirc N.B .. Doc. 2, 1858 

S79*LlroiTK, UiNHT, U.K.. NO, Run Koyale. Bnuwdi Hay 5, 1877 

380 LavBKicK. J..3, VilletU<M^iiit,TowardIto)d.SaiKUirlaad July 2,1878 

SBl Latiuce, Ron., West Kaintnn. Feitce Houtoa Sept i, 1870 

888 Lawuhck, HiHitr, Oiangn Iron Wnrki. Darhatn ,. Aof. 1, 1868 

888 Laws, H.. Otaiiiger tMnnt Wnt NawcMtlo-on-Tyno . Fab. 6, 1869 

8S4 LAWa, JoHB, Blylli, NortliiimlKirUnil 1SS4 

S6S LAWaoa, Rav. E.. Loogblnt Ilall, Murpeth Dee. 8, 1870 

ass Latcooe, Joaxpn. Low UoatorUi, Noitbiui^orlaiid Sept. 4,1869 

887 LtATSU. J. Th MidilUton Ilall. Bdford. Nor^umberlaiid Aug. 6,1870 

888 Lnavs, U. A.. ll.A., F.<i.8.. Colkge oJ Ityalcal Sokuor, Newcaitle Feb. 1. 1878 
860 Ln. GiOkOI, Liu(tua-in-Clei*4a>Hl Juuo 4,1870 




■■w 


1 


■ 


390 I/EBLIB, Anbkew, Hebbum, Gateabeod-on-Tjno 


Sept. 


7,1867 


' 391 Lbvbb. Elub, Bowdon. Owiliiro 




1861 


392 LawiB, Hssbt, Annmlaj CoUierj, near Nottinglain 


Aug. 


2.1866 


893 Lbwib. W. H.. 3. Mute CnMCeut, Cwdiff 


Ang. 


4,1877 


394 Lewis, WiLLiAU Tbohis, Hard;, Aberdaro 




1864 


305 LiUDKLL, Q. H.. SoiaorHt HoDH, W'hil«havan 


8»pt. 


4,1869 


396 LiDDBLi,M.,Prudhoe Hall. Prudhoc-on-Tyao 


Oct. 


1, 18GS 


897 Lixcop. JAKBg, Bloxvricli. Walwill. Staffonlihire 


Aug. 


1,1861 




July 


2,1872 




Sept 


4,1869 


400 LiBUMAS. T.. Jon., Hetton CoUiery, Fonco Hou«» 


Nov. 


6,1870 


401 LiflHBAB, Wm.. Witton-lo-Wear 




18S7 


402 LlSHHAIf, Wm., BniikBr HUl, Fence Honw. C^imbtr oj Cau»cilj 


Mar. 


7,1861 


408 LiVBSBlt, C^BredburjCuUicrj, Bredburj, StockjioH 


Aug. 


3, 186G 




Not. 


7. 1874 




Aug, 


4.1864 


406 LLEWKLtH, L., Riioa CoUierits, near NevriK>rt. Mon 


May 


4.1872 


407 LOQAM, WlLLlAK. Langlej Park Collierj, Durham 


Sept. 


7.1867 


408 LoKOBOTttiM, J., Sorlej ColUeries, near WigBu 


May 


2.1868 




Aug. 


21. 1S62 




Sept. 


6. 1856 


411 LVPTOS. A..F.G.S.. Crofldgato-nearLoed. 


Nov. 


6.1869 


412 Hackehzii, J., AibgrovG Villa, Ibroibolm, Faii-lef Uoad, Glasgow .. 


M»r. 


5. 1870 


413 Maduibon, HBmiY, Tlic Lindeua, Darlington 


Nov. 


6. 187S 


411 MiUKO. C. T., Ford Pottery, Ncwcaatle-on-Tjiie 


Cot 


5, 1872 


416 Mammatt, J. E., C.E., St. Andrew's CUambc™. Leeds 




1864 




21, 18B2 


417 Mabley. J. W., Milling Office., DarUn^ton 


A-g. 


1.1868 


418 Mabsilall, F. C, Mesm. Hawtliom & Co., Newcwitle 


Aug. 


2,1866 


419 Mabihail, J 




1864 


420 Maiistoh, W. B., Lceawood Valu Oil Work., Mold 


Oct. 


3,1868 


421 Mabies, E. B., C.E.. Pcdmore, uear Stourbridge 


Jn^y 


2,1872 


«3 Maktin, B. F., Mount Sorrol, Lougbborough 


April 


11,1874 




Mar. 


6.1867 






Central Province", India 


Not. 


7,1863 




Not. 


4,1876 


^6 Mai, Geoboe, Uarton ColUery Officea, T^tie Docks, South Shields 




(Member of C<m»citJ Mar. 


6,1862 


427 McCkeatii, J., 95. Batb Street, Glafgow 


Mar. 


6, 1870 


42S McCcLLUCH, Uatid. Beech Grove, Kilmarnock, N.B 


Dec 


4,1876 


429 McC'L-x-LOCH, H. J., Moat House, Wood Gr«ii, London, N 


Oot. 


1,1863 


430 McCrtLOcH, W., 178. Oresham Houm, Old Broad Street, London, E.C 


.Nov 


7, 1874 


481 McOuiB, T„ Caanock, Staflordahlro 


Oct. 


1,1857 


432 McMuBTBlE, J., RadstockCoUior;, Bath 


Nov 


7,1863 


4a3 MBADoWi, J. M., 11, Eustace Street, Dublin 


Dec. 


4, 1875 1 



4H M«K, Thoxu, C.B., 6. York PUce, Edinbargh June 4,1870 

4SG Mbbitali, J. H^ Nedderton, R.S.O., NurthuiuberUnd }S»y G, 1BT7 

436 Miiutft. RoBiBT, Stimfford Collicrin, iimt Btnulcjr Mar, 2. 1866 

437 Hills, M. H., Dnckmanton Lod^, C1ie«terSGld ..Feb. 4,1871 

498 1AlTCBtu.,CHis., Jeamvnd, NewcattlenuTjae fMemhtr of CoaacilJ April 11, 1874 

439 HiTcniu, JosiFH. Jun., Wonbro' Da1e,iiDsr Bamslej Feb, 14,1874 

440 MncBixaoy, R., Juii., Pontop Coll., LinU Oreen !4tatinn, Co. Durham Feb. 4, 1866 

441 Horr*iT, T., HonCn;alIron Ore Works, Whitehaven Sept. 4,1869 

44S HoNinooEK, Joa.. Veat Hoiue, Friiin^n, Whitehaven Jnne 4. 186S 

443 MooB. T.. Csinboi. Collief7, BIyth Oct 8,1868 

M4 HooB, W., EnKinocr, Hetton Collicrx, Fence Hoaaea Oct 8, 1874 

I 446 MOOB. Wh., Jud., Uettoa Collier;. Pence Houwi .. .. .. Jul; S, 1S7I 

416 MooRK, R. W., Collier; Office, Whitehaven No<r. 6,1870 

I 447 MOOH*. T. H., Smeaton Park, Invcreik. Edinburgh .. .. ... Feh. E, 1S67 

I 418 Mowion. D. P., 21. ColIinKwood 8t, Newcaatlo (Mrmbtr of Co*»eilJ 1861 

449 Hobbull, Jotin. Dnrlingtim 

460 MOKHla, W., WaUlridfce CciUier;, ChMter-Ie- Street, Fence HouK* 
461'MOBTON, H, J., 4, Bojal CreKeut. Scarborough 

461 MoBTOM. H. T,, I,anibU>n, Fence Hwiwi 

4£S Hmbb, Wh., Lunilejr Collier;, Fence Hmuei ... 

4&4 HccvLR, JouK, Hook Brcttnn, Bamsle; 

466 MoLOAiTMB, W., Jan., M.E., Croft Mouse, Ajipatris, near Carlisle 
46G HrLTANT, W. T., PemptUprt. Duwldtirf-on -the. Rhine 

467 Mgitdlb, Aktbce, TjTie View Himac, Blay don-on .T;ne 
' 468 Hi'NDLB, W.. K«de«dale Uine*. BcUioBham .. 

46ffNA:>M«r,J Doc 4^1888 

I 460 Namk, Bibb BiBQAiiiianoR, I.,oui>ciil1ial. Saarlirncki-n, Pnuma ... Sept 4, 1869 

461 Naylok, J. T., 10. Weat nnjton »ln<<<t, NewruIli<.<.n.Tynu . .. live. 6. 1866 
I 462 Nauo.N, J., CE., Hariuc and Sutionar; Engiiio Worka. Oat«aheiid 

(MrwAfr of ComtcilJ Oct 4. 1886 

463 Kiivi!(, Jonx, Uirfleld. Yorkahire Ma; 2,1668 

464 NiWALt, R. S., Femdene. a>t»<h(«d ... CUimbtr of Con^rilJ ii%y S. 1863 

466 NicnouoN, B., jun., Rivniiih (.''•Itivr;. Cherter-le-Strvvt . . Aug, 7, 1809 
409 Nicnouos, J. W.. S6, Crvm St., EUwick Road, Kcwoaattc-on.Tfno Oct. II, 1873 

467 KiCHOi^OM. HABaHALL, Hiddlelon Hall, Le<<U Xov. 7. 1863 

468 NoBU, Captaih, Jonnond. No«outU.apon-T;ne ... Knb. 3. 1866 

469 NOBTB. F. W., V.(i».. Ko»Im; Halt Collier;. Undle;, Slaffordihir*... Oct. 6. 1864 

470 NcTTALL, Thokai, Broad StrMl, Bai;, Lwiuitiire Sept. 1).IH76 

471 Oann. JotiH H.. SoUoilor, Sanderknd Uar. 6. 18G7 

47S OoiLrtl. A. Obaimi. i. Onat Qcarge Stmrt, WeatmliuUr, London Mar. 3. ll«77 

478 OuTiB, KoaBBt. Cbarlaw CoUier;. near Durham Nov. ^ 1S7S 

474 Owu, J. H., 18, Prudtui* Tamoe, Tynemouth Ang. 4.1877 



Oct 


7 


1876 
1858 
1861 


Aoir. 


21 


1863 


Mar. 


3 


1873 


Mar. 


7 


1861 


Dec. 


3 


1870 


Due 


3 


1867 


June 


B 


1876 


Aug. 


8 


1878 



k 



4T6 Papit, T., ffiahop Auckland ... ... .. AprillO. IMS 

470 PAuK,WiLUA>i.Uurryw(«th*rACa,Ynrli$t.Laujboth4<<Hido(i.8.K. Uar. 6, 1876 



J 



^^^^^^^^^ (xEri) 


« 


■ 


«7 Palmbb. a. 8., W«rdley Hall, near NnwcaaUe.m.TjnE 


.. JnlT 


2,1872 J 




... Nov. 


6. 1862 J 


479 PitfSLY. C, Raditock Cod Woiki, near Bath 


,.. Sept. 


5.1868 ■ 


480 Pa?(tok, y. S., SUluworth Colliery, SuTiderUiid 


... Oct. 


5,1807 I 


481 PABKtN. C, Deor Park Minai, Newljn J:a«t, Orainponiid Rd.. Con 


»all .lune 


5. 1876 1 




... April 11, 1874 1 




... I)eo. 


1.1864 


1 484 PiBTON, T.. r.a.S.. A.b Cottaga. Birmmgham R™l, West Brom 


wich Oct. 


2.1869 


466 PiTTiBox, JoBK, EngiDeer, N»ple» 


... Nov. 


7,1874 




...July 


2,1872 


487 pKiCiK'K, Daviu, Wcstbromwioli 


... Aug. 


7,1869 


4SS Pbasce. F. H.. Bowling Irou Workv Bradford 


.. Oct. 


1,1867 


489 Peaiuos. J. E.. Qnlbonie Park, near Newton-le-WiUow. ... 


... Ftb. 


9,1872 


«0 Pkabe, J. W., M.P., Uutton HaU, Gaisbni-, YurksMni 


- Mar. 


5. 1S67 


491 Peel, John. ^VharacUlIe and Silkstone ColL, Wortlc;, near SliefGcld Nov. 


1.1860 


492 Pbel, Johs, Honley Colliory. Wjlam-on-Tyue 


... Mar. 


3,1877 




... Get. 


1,1863 




... Mar, 


7, 1874 




., June 


2.1866 




.„ Got. 


7, 1871 


mi PICEBHBOIU, T. Waterloo Main Collier;, near Leeds 


... JOM 


5,1868 




... Feb. 


6, 1876 


499 PiNcnlNa, Ahchd. E., The Terrace, Gravencnd 


May 


6, 1877 


600 PoTTBS, Adoihos, Hoaton Hall, NcwuantlB-oii-Tvne 


... Mar. 


6,1869 




tfilj Feb. 


8, 1872 


602 PoTTBB, C. J.. Heaton Ball. Newcaitle-on-Tjne 


... Oct. 


3, 1874 


503*PorTBB, W. A., Cramliugton Hau«e. Nortlinraberland 




1863 


60* Price, Jobs, Meura. Palmer Brothora &. Co., Jarrow-on-Tyiic 


... Mar. 


3, 1877 


605 Pbicb. J. R., Staiidiah, ..ear Wigan 


... Aug. 


7,1869 


606 PBiKflTMAS, Jon.. Coal 0*ner, N(!Wca*tle-on Tjne 


... Sept. 


2,1871 




... Aug. 


4,1877 


608 BAiieTOS, C. A., FrainlingUm Place, Newcastla-on.TjnB 


... Feb. 


8. 1877 


609 BiKSAY, J. A.. CheaUrtoti, near Nevi-castlo-nnder-Ljne, Staffordahiro Mar. 


G. 1869 


1 610 ItAMSAY. J. T.. Wttlbottle Hall, nr. Blaydon-on-Tjno fM«».«/CoM 


»cilj Aug. 


3,1853 


611 RAasAV.T. D 


... Mar. 


1,1866 


612 Ramsay. Wu., Tnrsdale CoUiery, County Durham 


... .Sept. 11. 1875 1 




... Dec. 


3,1863 


514 Eeeb, Uamibi, Qlandare, Aberdaro 




1862 


615 Rkfbbs, Wm.. Taplitz, Bohemia 


... Oct. 


5, 1873 


516 Reid. ABDHJIW. Newoaatle-on-Tyno 


... April 


2, 1870 




... April 


3, 1875 


61S BiciiAiiiis, Chaklbs 


... Mar. 


3, 1877 


619 Rtcoaedh, E. W., MBssn.. Bi.lckow. Vaoghan, Ji: Co., MiUdleabro 


... Aug 


5, 1876 


6aO RiCBAEUS, G. C„ M.E„ WoodhouM, near Sheffiald 


... June 


B, 1876 


EEl BiCHABnBOW, H„ Buikwurth Colliery, Ncvrcaatle-on-Tyno ... 


... Mar. 


2.1865 




... Sapt 


3. 1870 

4 



N 
^ 



528 RtDUT, a. Trinity Chambcn, Nflireattle-on-T7nt' 

(24 RiDUT, J. H^ R. ft W. Hftwtluini'i, NcwewUe-nit-Tyne 

(25 RiDTABD, John, Wilkden, neu Bolton lo-Moora, Laiiculiiro 

BSfl RlOBF, John, Ash Villa, Alasgur, Stoko-iipoiiTTont 

527 HiTtoic, U.A.e. Qaocn Strei't, NeveutIc-an-Tviie 

(28 RiTHON, W. A^ Shilbotlle Calllcry, near Alnvick 

G29 ItOBBRTBOir. W., U.E., 128. St. Vlnoent Street, Glugnw 

fiaO RoBl!(SOli, O. C, Breretitn uid Hkyei CulU., Rugcley, Staffordiliire.. 

(31 RoBiHHOH, U., C.E,. 7. Wsttmiiuter Clumban, London 

532 KoBiKSON, Joan, Ucbburn CoUlerf, near Ifevcutle-an-T;n« 

B33 BoBlNloir, R., UowMiIi Hall, nmr Diahop AuckUnd 

(3t RoB«>ii, G., MiddleBbro'-on-Teei 

(36 RoBSON, J. S., Ilatt«rkiuiwle Collier?, via Duiington 

Oa ROBSOR. J. T., CanibuilBag, GlBi^w ... 

537 HOHsoB, H. 

(38 ROBMS, TaoMAS, Lnmley CnlUery. Pence Hou«ei 

(3D RooKBSOK. Jiihri, Croidali! Hall, Ihirhnin 

(40 ItoBCAUP, J., Ibnedklc Lodge, near IHckerlag, Vorkihirc 
(11 RosBBT, Jon^, Uaverhnlmo Honw, htigg, Liiiciiluahlre 

(43 Roaa. A., ShipooU Culllorr, Qsteallnd ... .. 

(43 Ro«a, J. A. 0.. Coiuulting Enipneer. Bath lAne, Keweutle ... 
(4-1 RoaaBB, W., Minanl Snrvevor, LluicUv. CaniiBrtheniilur* ... 

(45 RoTiiWBLU R. P.. 27, Pwk Place, New York .. 

(46 RocTiiiMB, Job,, Rjhnpo Collier;, SuiiderUnd 

517 RotrruiDaB, J. L., Rjhope Collieij, Sanderbnd 

548 RotniBDOB, Wii., Sfdnej, Capa Breton 

(40 RowLiT, J. C Sha^poiiit CoIUery, Otn^ (few Zealand 

6(0 RrriiBBrDBO, J., Halifai, Nota Hcolis .. . 

(Gl RmtBHroBD, W., Maidon Hoiue, niiitlejr. Newcutle-oii-Tyne 

((2 RcTTBB, Tuoa.. Illajd'iii Mud Collier;. Ifla.Tdon-on-Tjtic 

553 Rtdbb. Vf. J. H., VnrtU Street Brau Work*, NcvcaMle-oti-Tjrtie 

(M SAim. QBOBaB, Tanihall ColUcrioa, Roabon, North Walet .. 

(65 ScABTn, W. T., Baby CwUe. Darlinglon 

(66 Scott, Akdbkw, Uroombill Colliery, AekUnffton 

557 SocTT, C. P., CooiR<r'« Wunlworth Collier;, Stainboro'. new Banule; AprU 11. 1«74 

568 ScocuK. O., Parkiide, Friiiiigtun, Cumberland ... July i. 1072 

560 Sbdius. J. P., Great Harwood Cnlliuriwi, near Aecringlan Juue 1, 1867 

(60 8kddo!i. W., Dnukitk Colliariei. DukinSeU Oct. 6. 1865 

(61 SnuLLia, P. W., M. and J. Pritohard, 9. OfBOMtharob Htntt, London April 6, 1S7S 

(62 Shaw, JonH, Ni>plune Engina Worki, Low Walker, Neitoa*tle .. Nov. 6. 1H7S 

(68 8[|*W. W., Jun., WiiUingbam, r<a Darlin^on .. .. Jane S, ISTl 

(64 SitiKL. Juu.i. FramwrtlitBto CuIUery, County Ihirbam May 6,1871 

665 SiiOMB. ItAAc, PmtTcfcUn Hinae, Wrexbam UKS 

(66 Skortbbdr, T., I'arli Houo, WiD>t»tiLii7, Wigaa ... ... .. April 3, 1856 

567 Snm; C A., Weito*, tVHilh 8hUlJ* Aimlll, 1874 

(6« SlMMM. J. HewonbC(dUaT7.iwarUal«lMBd-on-TyD* . Dae. 6,1866 
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Sept. 


4.1869 
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6.1869 


Feb. 


2.1867 


Nov. 


2, 1872 


Oct, 


!. 18(7 


July 


2, 1872 
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6,1H70 


SepL U. 1878 


Oct. 


7. 1876 


Aug. 


6.1S67 


Dec. 


4,1876 
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Oct. 
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11. 1874 
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7.1867 
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M9 driTPaoK, Job., CstcligHte. near AnnfloW Plain Mar. 3. 1873 

G70 StHPeos, J. B., Hcdgeflcld Houso, BUydr>n -on -True (ViCB- President) Oct. t, 1860 

671 SiMPflOK, J. C. Bankhead CoUiciy, Mnirkirk April 7. 1S77 

572 Simpson, B., Moor Honse, Rjtoti-Dn.TjT.e Aug. 21, 18B2 

678 SiKPSON, HiBT, Drnnnnnnd CrUliorj, Wettvillo. Pictaii, N.S. ... Dee. 4, 1876 

674 SiKCLAiR, Jambs, 18. BlBckfriBnStn.i>[.Miinch»ittr Ma? 6,1876 

675 Sldih. T., a, Chopping*m Street. Wc»tniiirknd Hoid, NcwcMtU .. July 2, 1872 

676 SiCAii, a., Duffield Rowl Drrby , . Juno 4, 1870 

677 SMTta, E. J., 16, Whiuhall Place. WestmiuBter. Londun ... Oct. 7. 1858 

578 Smitb, G. P., Orovehurst. Tunliridge Wi-lla Aug. 6.1853 

67!) Smith, J., BickenliBw ColliOTy, Leigh, near HiinclieHltir ... Uar. 7.1874 

59(l*S)iiTH, K. Cliftobd, Parkfleld, Swinton, Hinclioatt^r ..Dee. 6.1874 

6S1 SBirn, T., Son.. M.E.. Cinderford Villai. nr. Ncwnhiuo. Qbuc«it«r. , . May. 5. 1877 

BSa Smitb. T. E.. M.P.. OiMfortb Hoaae, Dudley. KorthiiiuberUiid ... Feb. 6. 1870 

683 SwtlB. T. E.. PhcBtiii Foundry, Newg&te Street. Nen-cutle.nii.Tyne Dec. 6, 1874 

684 SnOwdOn, T.. Jnn.. West llilchbum ColL, nr. Towlaw. m'o Du-lingtmi Sept. 4, 1669 

6K5 SopwiTH. A.. Cuinock Chase CnUieries, near Watrall Auff. 1, 10GS 

686 SoFwiTH, T., Jun., 4S, Northumberland Street, Newcutle Xov. 2,1867 

587 SopwiTH, Thos., 6, Great George St., Wc»tniin«ter, London, S.W. ... Mar. 8, 1877 

668 SoPTHAiL, F,. Park Hall Colliery, Clieadle, Stoke-upon -Trent ... Feb. 6, 1876 

689 SorTElERN, R., Burleigh Home, The Parade, Trodegarville, Cardiff... Aug. 8,1866 

690 SotTTHWORTn, Tnos.. Hindley Green Colli eries. lunr Wigan May 2, 1874 

691 SpABE. H. K., Sbutfortb Honse, BamanI Castle 1SG6 

692 Spbnci, G., 31, Brunton Fhee, Wanvii-lc Rnad. Carliile June 7, 1B73 

693 SpBNca, Jambh, Clifton and Maigramflt* Collieriei. Workington ... Nov. 7, 1874 

594 Spkmceb, JouN. Weatgatc Road, Newcaitle-nn-Tjne Sept. 4,1869 

596 Sfhsckb, Johk P., Borough Siirreyor. Tjnemouth Deo. 6, 1874 

696 Spbmceb, M., NewhuTH, near JJewcastli'-on-Tyne 8e#. 4^1869 

697 SPKNOEB.T., Ryton, NewcasUe-on-Tjne ... Dec. 6,1866 

698 Spbhceb. W., Cnxw Hoiue Cbambera, Westgatu Road, Newcastle ... Aug. 21, 1662 

699 Stainton, MATTnsw, Ironfounder, South Shiolda . . May 6, 1B76 

600 STBiVBNBON, A. L, Durham (ViCK-PHBaiDEjrr) Doc. 6, 186E 

601 STEAVKKeoN. D. F.. B,A.. LL.B., Barrigt^T-iit.Law, Croas Houm, 

Weatgata Road, Newcastlo-on-Tyne .. ... April 1,1871 

602 Steblb, Cbab., Bolton Collier}', Mealsgate, Cuuiborland June 7, 1878 

603 Steele, Chabibs R., 28, Wood Street, Marjport ... ... ... Mar. 3, 1864 

604 STBPnBHSON, G. R., 9, Victoria Chambers, WeBtinineter, London, S.W. Out. 4, 1B60 
606 Stephknbon, W. H., Elawick House, Newcastle -on -Tyne ... ... Mar. 7, 1867 

606 Stetemsox, R., Crewe Coal & Iron Co. Ld. Ncu-caatlG-under-Lyme ... Feb. 6, 1876 

607 Stobabt, H. S., Wltton-le-Wear, Darlington Fab. 2. 1B54 

608 Stobabt, W.. Wcarmouth CoUierj, Sunderland Jolj 2, 1872 

609 Btosoe, JoaEFH, Houghton -lo- Spring. Fence Houses April 11, 1874 

610 Stobki, Taos. E.. Clough Hall Iron Works, Kidsgrove. StafTordshiro Feb. 6, 1876 

611 Bt&aekb. John, Stugshaw House, Corhridge-on-Tyne May 2,1867 

612 Stbaeeb, J. H., Wiltiugton House, Co. Durham ... Oct. 3, 1874 

613 Stbattok, T. H. M., Seaham Colliery, Sunderland ... Dec. 3,1870 

614 SWALMW. J., Pontop Hall, Lintz Green May 2, 1374 
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616 SwAUOw, R. T., SpringwU, Oaloihead 186S 

816 SwAs, H. P., ShipbttiliU-r, NcweuUe-nii-Tjrno St-jii. 2,1871 

617 Sw«5. J. 0., Upaall Hull, in»r Hiildle«br»' Sf|>t. 2, 1871 

618 Swank, C. O., SoeroUrj. Ooneral Mining AuocUtion LimitGd, 6, Nuir 

Bro»d Stroet, Loiidun Auk. 7.1875 

619 Tatk, Simos. KimhlMiTorth Colliery, Co. Durham Sept. 11, 1876 

620 Tatlok. Gbobob, Brcitton Minm, SBltbum-bj-the-Sw Juiie 6, 187S 

631 Tattor, Hron. King Street, Qmij, Nawcm»tle-on-Tyns Sept. 6. 1850 

622 Tayios, Jobs a, WoIImcoIc Hoom. ne«r Stmirbridge Mny 8, 1873 

623 Tatloe. T., King Street, Qukj. Newcutle-on-Tjnu July 2,1872 

624 T*Ti«ii-8iiiTii, Thomai, Urpotli Hall, Cliester-le-Strcvt Aug. 2.1866 

625 Trohas. a., DiUun Hoaoo, nan Ncwnluun, 01uuoiai[«nliir« Mu-. 2, 1H72 

626 TuouFBOV, Jamm. Hurwortli. Dftrliiigton ... June 2, lftG6 

627 TnOMPSOH. JoHH. Boughtoti Hall, Cherter SopL 2, 1»66 

62" TifOMPSOX. J., Hilton Houw. BUckmd, near Chnrle; April 6,1867 

629 TnoMFSon, R.. Jnn., Rodridge Eoanc. Wiiig»tc, Co. Dnrhtm ,., Scpl, 7. 1P67 

680 Tuoupsas, T. C, Hilton HkU, Carliole Umy i,l»M 

631 TnoynoK, Joas, South Skelton Uinc*. ma Quiibro' April 7. 1877 

632 TuoHROX, Job. K., Manrer* H«ii Collier;, Rotherhun Feb. 6, 1H7G 

638 Tbobpb, It. S.. 17, Kcton Place. Newcaitte-on-Tjne ... . . ... S«pt 6, 1868 

634 TiilTBBOlt. S., Broadoak Colliery, Loagbor, n^ar Swanit* Oat. 8, 187* 

BBS Tim, J., C.B., Aihtoti Iroii Rolling Hilli, Bower Aibton, Bristol ... Bopt. 7, 1S67 

636 Toni. J. P., C.E. Feb. 7, 18W 

6S7 Tildes- Whioiit, C, Shirmak* Colliery, Workiop, NotU 1B6S 

635 Ttlob. Alfbid E., 123, Bnto Street, CarcUff ... A)>ril 1,1876 

639 Ti-ROir, Wm. John, I, liovtber Street. Hliitehaven Mar. 3. 1877 

6*0 Ti-iiCE.D„KclQng,KonnoiB Inland, c/o Com. of CiuUiiiu,A«oy.Cbin» fA. 11,1874 

641 Ttuck, Wilfbkd, TaiifieU Lem CiJL. LinU Oroen Station, Neweutte Oct. 7. 1876 

642 UbR, J. P., Engineer, Tyne CommiMinneTi, NcweaiUs ... .. Kay 8, 1869 

643 UawiK. RdBiBT, NevUle Hall, NcwcscUe-oD.Tyne tiei>t. 1.1877 

BH TAtrOHAH, CsDur, nudbarmw Minn. Lcyficlil Honic, UiltoD, Cuuib. Aug. B. 1876 

64fi VlTTAH. JonR. Uiamoiul HiiHng Company. Wliitebarun ... Mar. 3. IH77 

646 VOHDBACBB, VLADmiB .. ... Aug. 1,1874 

647 Wadham. E.. C. and U.E., Uitlnrood, Daltan-in-PnmcM Deo. 7. IMT 

64g Wab*,H. H.,Ri»>r WwCamniU>ionoT>,S<indcrUnd Feb. 3.1872 

640 WALBBB.O.B.. Whan>rllffvSilkMflnoC.>lUi>riM,Wonl«y,nr.Sbanpl(I lite 2,1871 

660 WAtCKB, J. a, IG, Waligal«. WiKUuUiu«tb>re tVr. 4,186(1 

6BI WALBWfc W., Sa!thnm.by.the-9Ba Mar. 6,1870 

663 WAT.UCI, HBHRr. Trench llall. Uatoikcad Sor. S. 1872 

BGS Walton. W., I'tileiitluim Mioo, Mankf'by-tho-Sw Fob. 1.1867 

6G4 Wabi). U.. RudhatUm Hall, n«ar Peukrldgo. Staffoid Har. 8^ ISO! 

666 Wabdalb. Johw D.. H.IL, Rediwngl) Kngiue Work*. GatMhrad Ua> 1. 1876 

660 Wabdbu. 8. C Dm Hill HooM, AUntm Ajn^l I. IMU 
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657 WAKiciStiTON. J„ Wi.r»bor.i.igU Uall, i.eur FUriisluj 

B68 Watbon, H., Higli Bridge Wwlu, Newmitlo-on-Tjiiu 

669 WiTsos, H. B., High Bridge Worka, NovnsMtU.-on.Ty no 

660 Watbon, M., Flinibj and Bmughton Mnor Callieriei, nou- Mai^port.. 

661 Wbbstbh, R. C, Bangor laycned, near Wntihftm, North Wftleft 

662 WBEKa, J. O., BodlingtoD Cnllier;, Bodlin^n CUfmber of Co%neU) 

663 WEBTHADO'Tr. P. Q. B, EUwick Iron Wi>rk<, Newoutle 

66* Whatelt, W. L., We»nronth Colliory, Souderlttiid ... 

665 White, H.. Weardale Coal Coinpaiij.Towlaw, near Ihirliiiglaii 

686 WniTB, J. F.,M.E., Wakefield 

667 Whitb, J. W.H..Woodl<Hford, near Leeds 

66S WniTBHEAS. Jahbb, Brindlo ImA^^b, near ProsUiii, Lancashire 

669 WiiiTELAW, John, IIS, Oeorge Street, Edinburgh 

670 WuiTKl-lw,T., ShieldB and DalMll Collieries, Mntherwoll 

671 WniTTBM, Taoa. S.. Wyken Colliorj, noar Coventry 

672 WlDDAB, C, North Bitcliburu CoUiery, Howdon, DarliupUin. . . 

673 WiOHT, W. H., Cowpea CoUlery, Blyth 

67* Wild, H. F., Stockport, Colmnbia CoQiitj, New York, U.S. 

675 Wild, J. 0.. Ellirtown CnUiery, EUiotowii, near Ldcestor 

676 WiLLiAKB, E., Cleveland Lodge, Middleibro' 

677 WiniAiia, J. J., Pantgwyii Home. Holywell. Fliiitahire 

67^) WiLLiAUSOV, JonN, Chemical Manufacturer, South Shields 

679 WiLWAMBOw, JOHM, Cannock, ic, Collierioa, Heduesfnrd 

680 WiLLifl, J., 1*. Portland Terrace, Newcaallo-uu-Tyne 

681 WiwoK, J.. 69, Great Clyde Street, Glaagow... 

682 WiisoN, J. B., Wiiigfleld Iron Works and Colliery, Alfroton ,, 

683 W11.BON, EoBBBT. Fliroby Colliei^, Maxyport 

6St Wnflos, W. B.. Kippflj and Allerton Collieries, Leed> 

685 WiKiKE, T. B., Grey Street, Newcaatlo-on-TjTie 

686 WooB, C. L., Freeland, Bridge of Earn, Perthshire 

687 Wooo, LiwMAr, SouthiU. Cherter-le-Stroot (Pabt Peesidknt, Jfem- 

her of CoundlJ 

688 Wood, Thomab, Ronton House, Fence Honsea 

689 Wood, W. H., West Hetlon, Ferryhill 

690 Woou, W. O., East Hetton CoUicry, Coih'«. Co. Durham 

691 WOOLCOCK, Henbi, St. Bees, CuinberUnd 

692 WttlUHT, G. H., 12, Tmrapington Street, Cambridge 

693 WaiDHT, J. M., 20, SummerhiU Terrace, Kowcaatle-uii-Tyue . , . 

694 WflioHTBOH, T., Stockton-on-Tees 

Wreilmm .. , 1 
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©r&insrs Utmbtrs. 



1 Bm,, C. E.. Park Home, 1>tir)iua 

B BuHAi.i.. Bbhrt. H.I.C'.E., St. Rolen'i, Ijanouhire 
8 Dacbu, Tno»A«, DMrhain Colliery, Maiyport 
4 Dixon, Jamu S., 170, Hope Street, OUagovr 

6 Klus, W. R.. F.0.8„ WigBu 

fl Oii.cBiisT, TnoMAH, Eltrin(fh»m, Prndhoc-on-Tyne .. 

7 Oorctx. J. H., Haryport Iron Work*, Marjrpnrt 

8 Uabdbn, Johh HiHBr, PhenU Iron Works, Plienixvillc, Cbeatcr 

Connty, Pcnn«jlr«nm 

9 Kkllbtt, WtLLTAM, Wigmn 

10 Laxcastir. Joqk, Ancliinbnitli, kc, CnlUericn. Lwurkihire 

11 Laubi^cr. ARTnru, 73, CrockliDrbtnvn, Cardiff 

IB Habt». Tow PATrlNBON, Alllialluwa Colliery, MoalagiiCi^, Carliilo . 
18 PUSE, J., White Hmwe, Penkridge 

14 RooiBB, William. M.E., 19, King Street, Wiffap 

15 Rriiiu, KoBiUT, U.S., Caltiiesn Imii Work*. Nownuini. N.B. 

16 Spkncir, John W_ Xcwbani, uoar Newraatle-on-Tjiio 

17 ToPFiKO, Waltrb, Henn. Crou, Trtley, k Co.. Platl Brid^, Wikui Mar. 2, I87S 

18 WnsTAITLBT, RObt., M.E, Uiicaat«r Avenno, Fonnel St. HoneUoitcr Sept. 7, IS7S 
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I Baton, ARTncTK H., MiirU>ii Colliery. SniiderUnil Nor. 8,1877 

8 Bailib. E. T.. WiiiiruU'. Kcrrjliill ... . . Jnne 7. 1979 

8 Bbli, Docaua H,. Uondoii Uopery. Sunderlmul Hay 3,1879 

4 BsAaaa. Q. 8.. Hocbwll. Hathwaite, near Maiufiold July 3. 1873 

6 BaoroH, Tbovai, Hcaliam Cullk'ry. Sesham Harbunr ... .. Feb, 1.1878 

6 Bbows. M. W.. Lnmride Stutioii. Fcnee Koiuea Oct. 7.1871 

7 Bbows, W. B., BpringActd. Wavcrtroc. Llvcrpoql Mar. 3. 1878 

5 BcTRRLRT. K. F„ Whitwood Collieries Nonnanlnn April 11, 1674 

9 CumEkA. Fidel, e/o H. Kendall A M..11, IS, (IL, Winrhetter 8t, London Oct. 6. 1877 

10 CiUKBBiti. W. HENKr. IC Vict'iria K»d. Banisiry Dec. 2. 1871 

11 CUBK, BOBT., Oamaiit CoUicriw, Cwnuunaii, nr. LlanoUy, So. Wale* Sept. 11 1876 

12 CtAJiroH, Jakbi, Bedlinfcton CoUicrin, near Hnrpttb April 6, 1873 

U Clotu, LoDiB. 1. Uoruugb IlouiM, Oalcabead-on-Tyuo ... .. Feb. 1&, 1879 
U CocHBAXE. Ualfr 1)., Ketluu d-llim-y OOcw. (''enee Uuumb ... Juno 1, 1M7S 
U Dalxkl. W. (I„ 2, Pombntke Terrace, Cardiff Sept. 7. 1878 

16 OotLE, JoHgi Bltdtt, B.A., St, Peter*! Tenvcc BiminBhan .. Mar. I, 1879 

17 DoTIA Patucx. C%.. F.U.S., F.L.S., H.BjL.8, Pan OBeo, IUt«ooii Har. 1. 1879 

18 EviN, C H, ScdgvBeld. FarryUII 8«|]t.l3, 1878 

19 Bdoi, JouH H.,('oal|<irrt Win!l{upeandCbBinWorki,8bifual,9Blop Sept. 7.1870 
aO Puibul, CObbi S„ Urmiide Reetory, Appleby, Werttnorland Mar. 2. III78 



^ (xMrii) 


1 


■ 






SI OuiBIKB. G. a. C, SmitU Hotton CoIUbtt. Fence H<.u«» 


Aug. 


3,187$ 


28 Gbbkabd, Jamw, Ince HaU Co»l and C«iin«l Company, Wigan 


Mar. 


3. 1873 


1 £S Omkkkk, T. Y.. Hninford CoUierie^ St. Hden't, L^ncMhira... 


July 


2,1872 


1 Ml Okeksbb, W. J., Pembcrtoti Collierj, Wigu 


Mar. 


2.1978 


1 25 Qmslbt, W. S.. Overwalc. Aahby^da-U-Zodch 


Oct. 


5,11*78 


26 Hamilton. E., Hig Wood, Sdtbum-br-the-S» 


Nor. 


1, 1873 




Aog. 


S.1878 




Jana 


1.1878 


29 HcMBLE. Stbi'BBH, Uttoxcter Road, Derby 


Get 


6,1877 


L 80 JwsoK, H.. St«.ilej. near Wakefield 


July 


2.1878 


1 81 JoHsaoH, W., Abram Colliery. Wigim 


Feb. 14s 1874 1 


t 32 LiBLB, J., WaahingtoD CoUiCTy, County Durham 


July 


2, 187S 1 


33 Lyos. Jambj, Vale Vie*. Whitoliaven 


Mar. 


3,1877 


34 MlLtBM. D. a, Wearraonth CoUUry, Sunderland 


Nw. 


7,1874 


35*Mii,LEH, Natsas, Kurhurballa Uollieriea, Eaat India Railway, Chord 




1 Li..e, Benpil 


Oct. 


6,1879 


■ 86 Pbicbakd, Wm., NavigHUon and Deep Dnffryo CoUieriei, Monnlun 




1 Aah, Suath WbIm 


Dec. 


7, 1878 


1 87 Rathbonb. Ecoas P.. 662, Weingauo II., Freiburg, Saion... 


Har. 


7, 1874 


1 8S BrLAXl.8, KlCKAHl. A.. Haford La^ Minera, Wre»h»m ... 


June 


1,1878 


1 89 Saibb. Walt.. D.So., ABsiat. Manager K. 1 .R. CoUieries, Hindi, Benpa Nov. 


3,1877 


1 40 SiirrBPi. A. K.. A»«. R.S.M., Stone, Stafford 


Dec. 


6,1878 


« 8BrMonB.T.M..Lo,iBbU>nCollB.,WaTatah,nr.Newca«tle.NBwS.Wales Dec 


4. 1875 


42 SuiTH, J. Basnols, The Laurela, Chesterfield 


Nov. 


2,1878 


« STONH8,T.H..WiganCoalAlronCo..WQ«tleiBb,nr.Leigh.I.«uca«hire Nov. 


7. 1874 


« SuiHKEST, Jons, Cleveland Foundry. Qaiabro' 


. Dee. 


1, 1877 


4S THOJJPflo^■. John, Hc^orth Colliorj, County Durham 


Deo. 


7,1878 


46 WiKTEB, TaouAS, MeHTB. Taiigye Brother & !4t«el, Swaniea 


. Mar. 


2,1878 


Stafttato. 


I Abkitaob, Mattsiw, Birtley, near Chester-le- Street 


Oct. 


e.1877 


a ATKisaoN, A. A., Mnnglepore Ciilliory, Bengal, India 


. Aug. 


3, 1878 


3 Atkinbos, E. E., Uebbupn Colliery, near Newoaatle-on-Tyne 


Nov. 


4, 1876 


i 4 Atkinson, F. B., HM..C11 Colliery, Fence Houaei 


. Feb. 


14, 1874 


1 6 AlTOK, E. F., Lnmley Collierj, Fence Houmb 


Feb. 


6. 1876 




Mar. 


6, 1876 




. Oct. 


6,1872 


8 Babbktt, CBABlBa KoLLO, Bumhopc Houao, Lanchcrter ... 


. Nov. 


7, 1874 


9 BBUELSr, B. W., Marley Hill CoUioT, Gateshead 


. Feb. 


14, 1874 


10 BbwICK, T. B, Haydon Bridge. NorthnmberUnd 


. Mar. 


7. 1874 


11 BiBD, Habhy, Haj'doQ Bridge, NortburoborlaDd 


. April 7,1877 1 


12 Bird, W. J„ Wingate Colliery, Durham 


. Nov. 


6,1876 1 


18 Blacibtt, W. C, 6, Old Elvet, Durham 


. Not. 


4, 1876 1 


14 BlAxbmy, A, B., Hollyroyd, Dewabury 


. Feb. 


15, 1879 ' 


16 BowutaB. T. J., Heddoii VioarnifB, Wjkui.«ii-Tj"u 


. Muy 


&, 1877 J 



k 
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16 BnowN, C. OiLPiN, Hettoo Colliery, Pence Kodwn 

17 Beoob, JoHii, 2. Fminlington Place. Ncwautle-nn-Tjne 

18 Dpokbah, Robkbt, Kut Pontop CoUicrj. Linti Onsen 

19 BruuH, a. H., Ryhope CoUUry, Hnndnluid 

20 BruiiN, H. F., TO. FrnniUiigton Ploco, Kovcutle-os-Tjme , . 

21 BrsKiNo, C. Z.. Bjton^n-Tyne , . 

22 ClLDWlLl, JORK S., The Grove, WeBthanghbin, near Bolton, Lu 

a CUCDLBE. T. E., Eut Lodge. Oouk, IHrlington 

24 CiUB, Chaslm B„ Cattle Edon Collier;. Cuant; Darliam , 
26 Child, H., Whitkirk. Lwdi 

26 COBBOLD, C. H., San Valentino, Abruixo, Gtenone, Italjr 

27 CocKllTRN. W. C, 8, Sammerhill Orove, Newcattle-an-T^ne . . , 
S8 Coi, L. CuFFOBD, Raventttine. nekr Aihby-de-ls-Zoooh 

29 Craio. Ersmt, SHIuworth Colliery, nvax Sunderland 

30 CbAWtObd, T. W, Lafthonie Station Collierieii, iiov Wakefield 
SI CkOMB, F. B., KUlingwortl) Hoiue, nev Newcastle 

82 DlTCSHOHgCC., Ore Bank HnnM.Bigriit([,t^aCaniforth, Cumberland I 
33 Da via, Kbsnrth M., Townelej and Stella Collieries, Bytoii-on.Tjm 
81 DiFLliiGB, M. F., Braiicepeth. near Durham ... 
36 UoDD, UicnktL, Jnn., Heddon Collin-y, Wylam-on-Tfoe 

36 1)onk:h, Wu., L'tworth Collier;, Waibiiiglaii Station. Co. Uutliam .. 

37 Dobvaii, Fbake, K>h Cullii>r;, near Durliam 

38 DuruL*!. AntauB Stanuii, Hartoii Collier;, near Sontli Shield* .. 
80 UawBun, Vf. C, Bella Voe Hoaic, Euomb. near BUliop Auckland .. 

40 Dry*. A- F., Piijiit^ni, Klnekport. Cttoliire 

il Drk!in>U).II.ST.Joav,Whaniclifrut?ilk*IoneCoU.,Wortl«;,6hoaield June 2, 1B77 

42 Ei>ob, J. C, Ince Hall Coal and Cann»1 Company. Linuled. Wigan .. Dec. G, 1B74 

43 EvAMS, DiTiD L., Goldtvp*. Ken^rt, MoniDoutliiiliire May 4.1878 

44 Ftwwici. J. W.. Bebiido Collier?, Cow)iini Lane, Nortbnmberluid .. Oot. 7, 1«7S 
46 PLrrcHiii, JoBD E.. Howbridge. Atberton, near Hancbalcr ... Deo. 1,1^77 

46 PoBSTiK. Thohai E., Backworlli, Newcaitle^ou-Tyne Oct. 7, 1876 

47 FOMTTB, FbasI W,. LofthoUH StMiion Colliery. Wakefield Dec 8. IS76 

48 FowtBii, Eobbit. Weanuonth CoUicrj, SninlcTland Dec. !. 1876 

40 Fbtau, UiBi, Walker Colliery. Nawcaitk-on Tyno OoL 7, 1876 

CO Oiuo!), W. y„ 2S. Morthnmberland Squart, Nnrtb Shield* April 7. 1877 

61 GiLcaBllT. J. It.. NewbotUc CdlUrry tMan, Fence Hook* Feb. 3. 1877 

62 OOKiMIi.CiiAs., L(.n([tfln lUl! Collieiy, Pioke-on-Treht May B, 1^77 

68 Ooru), Al«., Cfl«|»u O.lllery. Blytb Dm. 1, 1877 

64 OtmUB, Jahbi KiKSiTIi, ltyl«n-on-Tyne .. ... ...Mar. 1. 187U 

66 Buinocs, W. T.. Jnn., Bybopc Colliery, Sniulerland OoL 7, 1876 

66 Hallas, O. II„ Hindlcj Oreen CoUlory, near Wigaa ... OoL 7. IB7e 

BAUJMOHb. W. T., 12, Sntlon Stmi, Dnrham Ha* !, 1874 

Haubir, W. H^ Sbccp HUI, DuruDjitUiia. notr LlnU Orcan . Fob. 14. 1S74 



Nov. 


4.1876 


Feb. 


14, 1S74 


0«. 


6,1878 


April 


11,1874 


May 


2. 1874 


Dec. 


6. 1873 


Nov. 


7. 1874 


Ma, 


1,1876 


May 


6,1876 


Feb. 


15. 1879 


May 


8. 1878 


July 


2. 1872 


AprU 


1. 1876 


Nor. 


8.1877 


Dec. 


4.1H76 


Sept. 


Z. 1876 


Not. 


4.1876 


April 


6,1879 


April 7, 1877 


Dee. 


4,1876 


Se,rt. 


2. 1876 


May 


1, 1876 


Jane 


1, 1878 


Mar. 


2. 1878 


Jniw 


2,1877 



J 



S9 Hinaitov. Hobibt J.. Hining omoH, Tyiii<ii»ii>tli 


1 

May 


i.iars 1 


60 HahbibO!., K, W., Public Wharf. U-i<;«.t6r 


Uar. 


8.1S77 ■ 


m llBtlTHF I-* 1?ni1l1iai11 tjvIlN' Tltit Vv^tntiik Itun1rii*l1i*in KTfwit 


Dee. 
Oct. 


2.1871 1 
7, 1876 1 


6S HBoLir. Ekkmst H.. West CliirUm H.ia»c. P«rey Main 




Feb. 


16. 1679 1 


64 HBjnir. J. C. B., Uaworth CoUiorj-, Wiuhingtoii Stition. Co. DnrUm Sept. 


2. 1876 1 


66 Hill, Lbonasd, No. 4. Branpopcth, Durham 


0«. 


6^1877 1 


66 RoucB. JlMM, B3, BrackSeld Ro&d South. Evertoo, Liverpool 


Sept. 11, 1876 J 




April 13. 1878 J 


68 HFDiOK, Joseph S.. CMnboU CoUiery, Blyth 


Uar. 


2,1878 


6a HCMBLB, JorcHT, 17, WeitmorUiid Terrace. NewcMtUon-TynB . 


Mar. 


8, 1877 




Sept. 


2,1876 




Get. 


6,1877 


12 ioaaxo, Thos. E., Coiloilge Colliery, by Kenton, NewauUc-oa-Tyn 


Oct. 


7, 1876 


73 JOUDAX. J. J., SoQth Domeut CuUiery, via Lintz Oreoii 


Har. 


8,1878 


74 Satll. A. C, FeUing CoUiery. Gatahend 


Oct. 


7,1876 


76 KiaxHOCSB, E. 0., Mcd»m»ltry. NBwcaBlle-on-Tviiii 


Ang. 


3,1878 


76 Kittspp, Phiup, Peaws' VVcat ColUoriei, by DarUiigton ... 


Mur. 


2, 1B78 




April 


7. 1877 


1 78 L»iCH. C. C, Bedlington Collieries BedliHgton 


Mar. 


7, 1874 


1 79 LlDSELL, J. M„ Collier; Office, n-hitebaven 


Mar, 


ft 1676 


1 80 LutDiur, Cmsbhcs S.. Marrio... Soath Shield. 


Uar. 


4,1876 


r 81 LrvMiKO. E. H., Swim Cottage, North Road. Durham 


Sept. 


1,1877 


' 62 LOCKI, Ebbmt 0.. Peases' West ColliBries, Crouk, by DarUngton , 


Dm. 


2.1876 


88 LosaBOTiiAV, B. U., Frainwcllgale CoUitry, nesr Ducham ... 


Sept. 2,1876 ■ 


M MACC4BB, H. 0., Chilton Colliery, Ferryhill 


Sept 


7.1878 


86 Maddisos, Tuob. R., Thon.hUl Collieriea, near Dew.bt.ry ... 


Mar. 


3,1877 


^^^ aa Makkpeach, H. R., Heworth Colliery OtBces, He worth, near Newcastle Mar. 


3.1877 


^^^L S7 Uabkrau, U. E., HoH'lish OfflcM, BUhop AuckUud 


Dec. 


4,1876 




13, 1S7S 


^^^K 8& MBU.T, EuWABD F., Nunuery Celliery Offices, Sheffield ... 


Oot 


6, 1878 


^^^B 80 HoBBiHO, C. A.. 37, Spring Oardcu., Londou 


Nov. 


7, 1874 


^^^B n HrTDUe. BoBiBT, Bybnpe Culliery, Sunderhuid 


Mar. 


6,1876 


^^^H S9 NtCROLSO!!. Joe, C, Newbottle Colliery, Fence HoDMi 


Feb. 


8. 1877 




May 


6,1877 




Mar. 


6,1876 


^^^H » Palhbb, Hbkbt, Nauner; CoUiery, Sheffield 


Nov. 


2, 1878 




Feb. 


15.1879 


^^^V 97 Pkakk, CBAliLBS Edwb., Honghtou Colliery, Baruiloy 


. Nov. 


3. 1877 


^^H 98 Pbabt, A. W., Cwmaman CuUiery Office., Aberdara 


. Nov. 


4.1S76 


^^^^ 99 PiCEBUna, W. H., ColUse of Phyncal Science, NewcaiUe ... 


. Mar. 


2,1878 

1 



(nil 

lOD PtccsTOHi, Wm., Oak Bank, Bl«ck Lnne, new MwicheaUr 

101 PooocK, rBANClB A., White Mom Colliery, near Ornnkirk 

102 PoTTBB, E. A., CrsmlinKton Home, NorthnmbcrUnd 

109 PowsLL, Sahckl, Wefltmiiirter Chamlwrt. Wro^Iiain 

101 Phmt, J. J., Dsj'b Tctticc Bfottnii 

lOG PmcB, 8TBPnR<[ Richard. CwnuiDkn CuUii-rT. Abciditiv, 3a. W&lea 

106 Pbootob, C. P., Killiugworth Colliery, Newautlo 

107 Fhd, R., Cowpen Colliery, Blyth 

108 Rira, EimuT P., Laiiglcy Park Collien, OiirliDm 

109 RiCKABDSOx, R. W. P.. 3. Ridley Stroct. HhckbiU. Co. Darbam .. 

110 RoBiJiBON, Fhine. CoUf^ (>f Phyrioal 8cienc«, Ncwcutle-uii-Tyni^ . 

111 RoBiKBUM, Qbo., Hcbhurti ColUory, near NewcasUe-on-Tyna 

lis RoBBOH, HAMRrN.. 3, North Balle;, Darhani 

113 RoBsox, Tko«. O.. 4. Campbell Street, NewcMtle-on-Tyno 

114 RocTLiDiii, W. H., SUrel«f Coal and Iron Co. Limited, Choiterfldd Oct. 7. 1876 

IIG SCAHTH, R. W,, Brownoy Cnlliery, Darhain 

J16 Senna, H. C, B**t Oetton Colliery OIBom, Coihoo, Co. Diirhata .. 

117 Srorr, Alrx., Puttet' Weit Collierien, by Darlington .. 

IIH Scott, Viti.. Bniioepulh Culliary OIGcea, H'illingrton, Cn. Diirliaui . 
119 Smith, T. F., Juii.. Ciudorford Villa*, near Nuwubam, Oloauatcriliin! 

UO SMrra, Thm., Lcad^te, Connty Durham 

121 SocmiRH, E. O, 6, Feaviek Temee, Jesmond. Newcaiille . 

188 SoiTTBiav, W. J„ North omberland Houte. Etplauadn Ordtii., Soarbrn' 
123 Sfixci, B. F., Backworth CnlUwy. NcocwtU-on-Tyno 
121 SroBAnT, P., Blue HouM. Waahington, Co. Durliam ... 

125 Stoksi, AUTHIJB P., Birtlej, near Chestcr-le-Strect ., 

126 TiLFOBD, VV. H., Cniulington Collier;. Nonhuniberland 

127 TBOKPBOK, WlLLUM 

128 Todd, Johk T.. tIetton-Ie-Hole. Fence Hdomh 

129 ToFSAM, EsvABD C, Silkjwonh Colliery, SuudorUnd 

UO TircKBB, A. W.,TDTk*i U«ad Brairny, Gatcthead 

181 ViBSBS, AKipn, 8, Clarcmont Ptaoo, Gatnbvwl 

192 WtLXiB. F. W., Harton Colliery, Soatb Shiuldi 

133 Walkie, SiUBT, Ryhope CoUiary, near Suiidnriaiul ... 

134 Waltov, J. C, Hairarth CoUiny, dmt N«wca*tlc-an-Tyna 

US WuitlC E., Hebbimi Colliery, ncsr Newca«tle-an-iyno 

136 n'lLUAHSOM, J. E. 

187 WiwoH, J. !>., », WilkiT T«rrB». OatMhead-aii-iyue 

180 Wii«>!i. J. T., BUckhill, Richmond 

189 Wool). A. B 



Ser.t,n.lfl7B 


Mar. 


6.1S76 


Fob. 


6.1875 


Jtinc 


1.1878 


May 


1. 1876 


N..V. 


3. 1877 


Get. 


7. 1876 


Fpb. 


8. 1S77 


Mnr. 


4,1876 


Mar. 


4.1976 


8i.pt. 


2, 1876 


Nor. 


4,1876 


Dm. 


4.1875 


Sept. 


11. 187S 


Oct. 


7. 1876 


D..C. 


t. 187E 


l\e. 


4, 1875 


Muf. 


2.1878 


Mnr. 


4.1876 


Mny 


5, IS77 


Feb. 


15.1879 


Doo. 


6. 1874 


Ang. 


1.1874 


Nov. 


2.1878 


Aug. 


2, 1873 


Oct. 


6,l8n 


Ort. 


9, 1874 


May 


2. 1874 


Nov. 


4.1876 


Nov. 


8,1877 


Deo. 


B,18T6 


May 


4.1878 


S..pl 


2, 1876 


th-r. 


4,1875 


Nov. 


7.1874 


Nov. 


4.1P76 


Nov. 


7. 1874 


Seirt 


11, 1!17G 


Nov. 


7, 1874 


Dm. 


2. UTS 



(ili) 



SMambvaQ ^aJUexm. 



1 Aflliinf^n Colliery, Newcn«tle-on-Tyn*». 

2 Haswell Colliery, Fence Houses. 
8 Hettoii Collieries, Fence Houses. 

4 Lambton Collieries, Fence Hoases (Karl Durham). 
6 North Hctton Colliery, Fence Honses. 

6 Londonderry Collieries. 

7 Ryhope Colliery, near Sunderland. 

8 Seghill Colliery, Northumberland. 

9 South Hetton and Murton Collieries. 

10 Stella Colliery, HodKeficld, Blaydon-on-Tyne. 

11 Throckley Colliery, Xewcastle-on-Tyne. 

12 Wearmouth C*olliery, Sunderland. 

13 A\Tiitwortli Colliery, Ferrjhill. 



/ 



CHARTER 



THt: NORTH OF ENGLAND 



lusthutf of ^miu0 aiiir ^cc|iiniral ^n^mtxa. 



fonyvmt iBss. 

INCOIIPORATED NOVEMBKR 28rn, 1876, 



l^irtonn, by the Gra« of God, of the United Kingdom of Great 
Britain and Ireland, Queen, Defender of the Faith, to ali, to whom thbbb 
Presents shall oome, Ghektinq : 

Whehbas it has been represented to lis that Nicholas Wood, of 

Hctton, in the Connty of Durham, Esquire (since decetiBcd) ; Thomas 

Ehebson Forster, of Ncwcaatle-ujwn-Tyne, Ewiuire (since deceased) ; 

Sir Gborob Elliot, Baronet (then George Elliot, Esquire), of Houghton 

Hail, in the aaid Oonnfy of Darhara, and Edward Feswice Boyd, of 

Moor Honse, in the said County of Durham, Esquire, and othere of our 

loving subjects, did, in the year one thousand eight hundred and fifly-two, 

form themselves into a Society, which is kno«Ti by the name of "Tub 

North OP England Institute ofSIinikgandXIechasical Engineers," 

having for its objects the Prevention of Accidents in Mines and the 

Advancement oftheSeienceBofMining and Engineering generally.ofwhieh 

E Society Lindsay Wood, of Southill, Chostcr-Ie-Street, in the Connty of 

I Burham, Esquire, is the present Preaidont. And wiikreas it haa been 

LAirtber represented to us that the Society was not constituted for gain, 

tsnd that neither its projectors nor Memljers derive nor have deri\'ed 

r pecaniary profit, from its prasperity ; that it has during its existence of a 

I period of nearly a quarter of a century steadily devoted itself to the pre- 

V lervation of human life and the safer development of mineral property j 

I that it has contributed substantially and beneficially to the prosperity of 

E the country and the welfare and happiness of the worting members of the 

L community ; that the Society has since its establishment dihgcntly 
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pnraucd ite aforesaid objects, and in bo doing has made costly experiments 
and reeearchea with a view to the saving of life by improvements in the 
ventilation of mincg, by ascertaining the cooditiona under which the safety 
lamp may be relied on for secority ; that the experiments conducted by 
the Society have related to accidents in mines of every description, and 
have not been limited to those proceeding from exploaiims ; that the vari- 
ous modes of getting coal, whether by mechanical appJianceB or otherwise, 
have received careful and continuous attention, while the improvements 
in the mode of working and hauling belowground. the machinery em- 
ployed for preventing the dieastrous falls of roof underground, and the 
prevention of spontaneous combustion in seams of coal as well as in car- 
goes, and the providing additional security for the miners in ascending 
and descending the pits, the improvements in the cages used for this pur- 
pose, and in the Bafegiiarda against what is technically known as "over- 
winding," have been most sncecBsful in lessening the dangers of mining, 
and in preserving human life ; that the Society has held meetings at stated 
periods, at which the resnlte of the said experiraeuLs and researches have 
been considered and discussed, and has published a series of Transactions 
filling many volumes, and forming in t(«clf a highly valuable Library of 
scientific reference, by which the same have been made known to the 
public, and has formed a Library of Scientific Works and Collections of 
Models and Apparatus, and that distinguished persons in foreign oonntriea 
have availed themselves of the facilities afforded by the Society for com- 
municating importaul scientific and practical discoveriefl, and thus a useful 
{ntcrchange of valuable information has been effected ; that in particnlar, 
with regard to ventilation, the experiments and researches of the Society, 
which have invoh-ed much pecuniary outlay and personal labour, and 
the details of which are recorded in the successive volumes of tho 
p0bdM^s Transactions, have led to large and important advances in the 
Ski knowledge of that subject, and that the Society's i-esearches 
liave tended Urgely Uj increase the security of life ; tliat the Members of 
tile Society exceed 800 in number, and include a large proportion of 
the leading Mining EnginGcrs in the United Kingdom. Ahi> wherkas 
in order lo secure the property of the Society, and to extend its useful 
operations, and to give it a more permanent establishment among the 
Scientific Institutions of our Kingdom, we have been besought lo grwil 
to the said Lixdsay Wood, and other the present Membere of the Society, 
and to those who shall liereafter become Membcra thcnof, our Royal 
Charter of Incorporation. Now kkow ve that we, being desirous of 
MKXinraging o design so laudable and suluUtr)', of our especial grace, certain 
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knowledge, and mere mution, have willed, granted, and declared, and 
do. hj these presentu, for as, onr heirs, and snceessors, will, grant, and 
declare, that the said LnTDSAY WoOD, aiid such others or our loving sub- 
jects as are now Members of the said Society, and such others as shall 
from time to time liercaller become Members thereof, accordiug to such 
Bye-laws as shall be made as hereiuartcr meationed, and their sticceaaors, 
shall for o^Tir hereafter be, by virtue of these presents, one body, politic and 
corporate, by the name of "Tub Xobih of Ekglasd Institute of 
MiNixa AND Mechanical Enqineers," and by the name aforesaid shall 
have ptir|X!tua] succession and a Cummon Seal, with full power and 
anthority to alter, vary, break, and renew the same at their discretion, and 
by the same name to sue and be sued, implead and be impleaded, answer 
aiid be answered unto, in every Court of ns, our heirs and successors, and 
bo for ever able and capable in the law to purchase, acquire, receive, pos- 
sess, hold, and enjoy to them and their successors any goods and chattels 
whataoever, and also be able and capable in the law (notwitlistanding the 
statutes of mortmain) to purchnse, acquire, posses, hold and enjoy to 
them and thuir suooeasors a hall or house, and any such other lands, tene- 
menu, or hereditaments whatsoever, as they may deem requisite for the 
purposes of the Society, the yearly value of which, including the site 
of the said hall or house, shall not exceed in the whole tlie sum of three 
thousands ponnds, computiug the same resjiectively at the rack rent which 
might have been had or gotten for the same respectively at the time of 
, the purchase or acquisition thereof. And we do hereby grant out 
especial license and authority unto all and every pL^rson and persons and 
bodies politic and corporate, otherwise competent, to grant, sell, alien, 
convey or derise in mortmain unto and to the use of the said Society and 
[ their snccessora, any lands, tenements, or hereditaments not exceeding 
I'lrith the lands, tenements or hereditaments so purchased or previously 
[ acquired such annual value as aforcsnid, and also any moneys, stocks, 
[ Kcurities, and other personal estate to be laid out and disposed of in the 
I {mrchase of any lands, tenements, or hereditaments not excoediug the 
Llike annual value. And wb pubthee will, grant, and declare, that the 
I ttid Society shall liave full jKiwer and authority, from time to time, to 
[ aell, grant, demise, exchange and dispose of absolutely, or by way of 
L'lnortgHge, or otherwise, any of the lands, teuements, hereditaments aud 
P posBGsaionB, wherein they have any estate or interest, or which they shall 
I acquire as aforesaid, but that no sale, mortgage, or other disposition of any 
[ lands, tenements, or hereditaments of the Society shall be made, except 
vitb the approbation and concurrence of a General Meeting. And our will 
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and pleuaurt] is, and we further grant and declare that for Che better role 
and government of the Society, and the direction and managemeDt of the 
coQcema thereof, there shall be a Council of the Society, to be appointed 
from among the Members thereof, and to inclnde the PrcBident and the 
Vicc-I'reBidentB, and sndi other office-bearers or past office-bearers as may 
be directed by auch Bye-lawa an hereinafter metitiuned, but ao that the 
Council, including all ex-oJUio Members thereof, shall consist of not more 
than forty or less than tn-elve Members, and that the Vice-Presidents shall 
bo not more than six or less than two in number. And wb do hereby 
FURTHER will and deekrc that the said Lindbay Wood shall be the first 
President of the Society, and the persons now being the Vice-Presidents 
and the Treasurer and Secretary, shall be the first Vice-PresidenUi, and 
the first Treaenrer and Secretary, and the persons now lieing the Members 
of the Council shall be the first Members of the Council of the Society, 
and that they respectively shall continue such until the first election shall 
\k made at a Qcnerul Meeting in pursuance of these presents. AsD WH 
DO iiKKKBY FURTHER Will and declare that, subject to the powePB by 
those presents vested in the General Meetings of the Society, the Counuit 
shall have the management of the Society, and of the income and property 
thereof, including the appointment of officers and servants, the definition 
of their duties, and the removal nf any of such officeTB and servants, and 
generally may do alt such acts and deeds aa they shall deem necessary or 
fitting to be dune, in order to carry into full operation and effiwt the 
objects and purposes of the Society, but bo always that the same be not 
inconsistent with, or repugnant to, any of the provisions of ibis our 
Chatter, or the Laws of our ileaini, or any Bye-law of the Society in force 
(or tlie time being. Asn we do ruETiiER will and declare that at any 
General Meeting of the Socipty, it shall be lawful for the Society, subject 
u h««inaftcr mentioned, to make such ilye-laws as to them shall seem 
D6c6saary or proper for the regulation and good government of the Society, 
and of the Members and affairs thereof, and generally for carrying ll>e 
objects of the Society into full and complete effect, and particularly (and 
without its been intended hereby to prejudice the foregoing generality), 
to make Bye-laws for all or any of the purposes hereinafter mentioned, 
thai is lo Bay : for fixing the number of Vice-PresidGnts, and the number 
of Sleniben of whleh tlie Council ahaU consist, and the munncr of electing 
the President and Vice-Presidents, and other Members of the Council, 
and the period of their nontinnancc in office, and the manner and time 
of supplying any vacancy then-in ; and fur r^nlating the limea at which 
General Meetings of the Society and Meetings of the Conncil shall be held 
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and for oonvening the same and regulating the proceedings thereat, and 
for regulating the manner of admitting persons to be Members of the 
Society, and of removing or expelling Members from the Society, and 
for imposing reasonable fines or penalties for non-performance of any 
such Bye-laws, or for disobedience thereto, and from time to time to 
annul, alter, or change any such Bye-laws so always that all Bye-laws 
to be made as aforesaid be not repugnant to these presents, or to any 
of the laws of our Bealm. And we do further will and declare that 
the present Bules and Regulations of the Society, so far as they are 
not inconsistent with these presents, shall continue in force, and be 
deemed the Bye-laws of the Society until the same shall be altered by a 
General Meeting, provided always that the present Rules and Regulations 
of the Society and any future Bye-laws of the Society so to be made as 
aforesaid shall have no force or effect whatsoever until the same shall 
have been approved in writing by our Secretary of State for the Home 
Department. In witness whereof we have caused these our 
Letters to bb made Patent. 

Witness Ourself at our Palace, at Westminster, this 28th day of 
November, in the fortieth year of our reign. 

By Her Majesty's Command. 

CARDEW. 




THR NORTH OF ENGLAND INSTITUTE 



MINING AND MECHANICAL ENGINEERS. 



BYE-LAWS 

PARSED AT A GES'ERAI. MKETINQ ON THE IfilH JUNE, 1»7T. 




1. — The members of tlie North of England institute of Mining and 
HechanicBl Engineers shull consigt of fom- clafise§, viz.: — Original Mem- 
bew. Ordinary Members, Associate Members, and Honorary Members, 
with a class of Students attached. 

2. — OmoiHAL Mghbebs shall be those who were Ordinary Members 
on the iBt of Angust, 1877. 

3. — Obdisary Members. — Every candidate for admission into the 
dass of Ordinary Members, or for transfer into that class, shall come 
irithin the following conditions :— He shall lie mure than twenty-eight 
of age, have been regularly edticat«l as a Mining or Mechanical 
iBngineer, or in some other recognised branch of Engineering, according 
.to the usual routine of pupilage, and have had subsequent employment 
tot at least five years in some responsible situation as an Engineer, or 
if he has not undergone the naual routine of pupilage, he must have 
practised on his own account in the profession of an Engineer for at least 
five years, and have acqnired a considerable degree of eminence in the 
^^^^ same. 

^^^^L 4. — Associate Meubees shall be persons practising as Mining or 
^^^^vKechauical Engineers, or in some other recognised branch of Engineering, 
^^^^■•sd other persons connected with or interested in Mining or Engineering. 
^^^^1 6. — HoNORAUY MstniERS shall be persons who have distingnished 
^^^^Kthemselvee by their literary or scientilic attainments, or who have made 
^^^^Bjmportant communications to the Society. 

^^^^H 6. — Student* shall bo persons who are qualifying themselves for the 
^^^^B;^t)fesaion of Mining or Mechanical Engineering, or some other of the 
^^^^Bncognised branches of Engineering, and such persona may continue 
^^^^K Students until they attain the ago of twenty-three years. 

> . 



7. — The annual Hubscription of each Original Member, and of each 
Ordinary Member who was a Stndent on the let of Angost, 1877, shall 
1)6 £2 2e., of each Ordinary Member {except as last mentioned) £3 3b., 
of each Associate Member £2 2b., and of each Student £1 Is,, payable 
in advance, and shall be considered due on election, and afterwards on 
the first Saturday in August each year. 

8. — Any Member may, at any time, componnd for all future Bubflcrip- 
tions by a payment of £S5, where the anunal subscription is £3 Sa., 
and by a payment uf £20 where the annual subecription is £3 2s. All 
pereons BO comp<^'unding shall bo Original, Ordinary, or Aseodate 
Members for life, as tlie case may be ; but any Aasoeiate Member for life 
who may afterwards desire to become an Ordinary Member for life, may 
do BO, afler being elected in the manner described in Bye-law 13, and on 
payment of the fhrtber sum of £5. 

9. — Ownere of Collieries, Engineers, Manufoctiircrs, and Employ^v 
of labour generally, may subscribe annually to the fbnds of the Institute, 
and each such subscriber of £2 2s. annually ehall be entitled to a ticket 
to admit two jwrBona to the rooms, library, meetings, IccturcB, and public 
proceedings of the Society ; and for every additional £2 2b,, subscribed 
annually, two other persona shall be admiBsibte up to the ntmiber of ten 1 
peraons ; and each euch Sut)Bcriber Bholl also be entitled for each £2 Si. ' 
■nlMoriptiun to have a copy of the Proceedings of the Inetitufe sent to him. 

10.^ — In case any Member, who has been long disttngiiishod in his pro- 
Aidonal career, becomes unuhle, frum ill-health, advanced age, or other 
Bnfficient cause, to carry on a Incrativc practice, the Council may, on the 
report of a Sub-C-ommittce appoint^ for that purpose, if they find good 
reaaon for tlie romission of the annual siibsmption, so remit it. Thoy 
may also remit any arrears which are due from a member, or they may 
accept tVom him ii collection of books, or drawings, or models, or other 
contributions, in lieu of the composition mentioned in Bye-law 8, and 
may thereupon constitute him a Life Member, or permit him to resome 
bis former rank in tlie Infltitntc. 

11. — Persons dcsinHiB of becoming Ordinary Members shall be proposed 
and reoommcnded, aocording to the Form A in the Appendix, in whioh I 
form the name, iisnnl rcsid(>nce, and qualifications of the amdidats I 
(hall be dintinctly Bjiccified. This form most be signed by the propo 
and at least lire other Members cortilying a personal knowledge of tlw I 
candidate. The proposal so made I)cing deliTcred to the Secretary, a) 
be aabmittod to the Council, who on approving the qnaliScationa ahall 
determine if the candidate is to be presented Tor bollot, and if it is so de(«r- 
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mined, the Chainnan of the Couiitil shtiH Bign siich approhfttion. The 
same ahal] be read at the next Ordinary General Meeting, and anflrwords 
be placed in gome conspiuiioua situalion nntil the following Ordinary 
General Meeting, when the candidate shall be balloted for. 

12. — Pereona dcsiroos of being admitted into the Inatitute as ABsociate 
Members, or Studeots, shall be proposed by three Members; Honorary 
Members shall be proposed by at least live Members, and ehaU in addition 
be recommended by the CouTieil, who shall also have the power of defining 
the time during which, and the circumstances under which, they shall be 
Honorary Mt^mberB. The nomiaation shall be in writing, and signed by 
the proposeiH (according to the Form B in the Appendix), and shall be 
submitted to the first Ordinary General Meeting after the date thereof. 
The name of the person proposed shall be eshibited in the Society's room 
nntil the next Ordinary General Meeting, when the candidate shall be 
balloted for. 

13, — Associate Members or Students, desirous of becoming Ordinary 
Members, shall Ixj proposed and recommended according to the Form 
in the Appendix, in which form the name, usual residence, and qnalifi- 
oations of the candidate shall be distinctly specified. This form must 
certify a personal knowledge of the caTididate, and be signed hy the 
proposer and at least two other Members, and the proposal shall then 
be treated in the manner described in Bye-law 11. Students may become 
Anociate Members at any time after attaining the age of twenlf-three 
on payment of an Associate Member's enhscription. 

14. — The balloting shall be conducted in the following manner : — 
£ach Member attending the Meeting at which a ballot is to take 
place shall be supplied (on demand) with a list of the names of the 
persons to be Imlloted for, according to the Form D in the Appendix, 
and shall strike out the names of such candidates as he desires shall 
not be elected, and retmii the Ust to the scrntiueers appointed by the 
presiding Chairman for the purpose, and such scrutineers shall examine 
the lists 80 returned, and inform the meeting what elections have been 
made. No candidate shall be elected uuless he secures the votes of two- 
thirds of the Members voting. 

15. — Notice of election shall be sent to every person within one week 
after his election, according to the Form E in the Appendix, enclosing 
at the same time a copy of Form F, which shall be returned by the 
person elected, signed, and accompanied with the amount of his annual 
Bubecription, or life composition, within two mouths from the date of 

h election, which otherwise should become void. 
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16. — Every Ordinary Member elected having signed a declaration in 
the Form F, and having likewise made the proper pajrment, ahall receive 
a certificate of bis election. 

17. — Anj person whose sabsuriptiun is two years in anear ahall be 
report«d to the Cuunril, who shall direct application to be made for it, 
according to the Form G in the Appendix, and in the event of 
its continuing one month in arrcar after such application, the Council 
shall have the power, after remonstrance by letter, according to the 
Fonn H in the Appendis, of declaring tliat the defaulter has ceased to be 
a member. 

18. — In case the expulsion of any person shall be judged expedient 
by ten or more Memljera, and they think fit to draw up and sign 
a proposal rc(|uinng such expulsion, tJie same being delivered to the 
Secretary, shall be by him laid before the Council for consideration. If 
the Council, after due inquiry, do not find reason to concur in the pro- 
posal, no entry thereof shall be mode in any minutes, nor shall any public 
discuBsion thereon be permitted, unless by requisition signed by one-half 
the Members of the Institute ; bnt if the Council do find good reason 
for the proposed expulsion, they shall dircet the Secretary to address u 
letter, according to the Form I in the Appendix, to the person proposed 
to be expelled, advising him to withdraw from the Institute. If that 
advice be followed, no entry on the minutes nor any public distmssion on 
the subject shall be permitted ; but if that advice be not followed, nor an 
explanation given which is satisfactory to the Council, they shall call a 
General Meeting for the purpose of deciding on the question of ex* 
pulsiou : and if a majority of the persons present at sach Meeting 
(provided the number so present be not less than forty) vote that such 
person be expelled, the Chairman of that fleeting shall declare the 
same accordingly, and the Secretary shall communicate the same to the 
person, according to the Form J in the Appendix. 

19. — The Officers of the Institate, other than the Treasurer and the 
Secretary, ahall be elected fW»m the Original, Ordinary, and Associate 
Members, and shall consist of a President, six Vice-Presidents, and 
eighteen Councillors, who, with the Treasurer and the Secretary ( if Mem- 
bers of the Institute) shall constitute the Council. The Preaidcnt, Vioo- 
Presidents, and Councillors sliall be elected at the Annual Meeting in 
Angust (except in cases of vacancies) and shall be oUgible for re-election, 
with the exception of any President or Vice-President who may bavo 
held office fjr three imniediutely preceding years, and such six Coun- 
dUon as may have attended the feweat Council Meotings dming the put 



year; but Buch Members shall be eligible for rc-clcction after being one 
year oat of office. 

20. — Tbe Treasurer and tbe Secretary shall be appointed by the 
Council, and shall be removable by the Council, subject to appeal lo a 
General Meeting. One and the same person may hold both these offices. 

21. — Each Original, Ordinary, and Associute Member shall be at 
liberty to nominate in writing, and send to the Secretary not lees than 
eight days prior to the Ordinary General Meeting in June, a list, duly 
signed, of Members suitable to fill the offices of President, Vice-Presidents, 
and Members of Council, for the ensuing year. The Council shall prepare 
a list of the persons so nominated, together vith the names of the Officers 
for the current year eligible for re-election, and of such other Members as 
they deem suitable for the various offices. Such list shall comprise the 
names of not less than thirty. The list so prepared by the Council shall 
be submitted to the General Meeting in June, and shall be the balloting 
list for the annual election in August. (See Form K in the Appendix.) 
A copy of this list shall be posted at least seven days previous to the 
Annual Meeting, to eveiy Original, Ordinary, aud Associate Member ; who 
may erase any name or names from the list, and substitute the name or 
names of any other person or persons eligible for each respective office ; 
hut the nomljcr of persons on the list, after sneh erasure or substitution, 
must not exceed the number to be elected to the respective offices. Papers 
which do not accord with these directions shall be rejected by the scruti- 
neers. The Votes for any Members who may not be elected President or 
Vice-Presidents shall count for them as Members of the Council. The 
Chairman shall appoint four scrutineers, who shall receive the balloting 
papers, and, after making the necessary scrutiny, destroy the same, and 
sign and hand to the Chairman a list of the elected Officers. The balloting 
papers may be returned through the post, addressed to the Secretary, or 
be handed to him, or to the Chairman of the Meeting, so as to be received 
before the appointment of the scrntiueers for the election of Officers. 

22. — In case of the decease or resignation of any Officer or Officers, 
the Conncil, if they deem it requisite that the vacancy ahalj be filled up, 
shall present to the next Ordbary Genera! Meeting a list of persons whom 
they nominate as suitable for the vacant offices, and a new Officer or 
Officers shall be elected at the succeeding Ordinary General Meeting. 

23. — The President shall take the chair at all meetings of the 
Institute, the Council, and Committees, at which he is present (he 
r-officio a member uf all), and shall regulate and keep order in the 
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24. — Ie tlie abecnce of the President, it shall be the duty of the 
eenior Vice-President present to preBide nt the meetings of the Inetitute, 
to keep order, and to n-gnlate the prnceedings. In case of the absence 
of the President and of all the Vicc-Presi dents, the meeling may elect 
any Member of CouncO, or in case of their absence, any Member present, 
to take the chair at the meeting. 

25. — The Conncil mny appoint Committees for the pnrpose of transact- 
ing any pnrticniar business, or of inTestigating; specific snbjecta connected 
with the objects of the Institute. Such Committees shall report to the 
Council, who shall act thereon as they see occasion. 

2C. — The Treasurer and the Secretary shall act under the direction 
aiid control of the Conncil, by which body their duties shall from time to 
time be defined. 

27.— The Funds of the Socicly shall be deposited in the hands of the 
Treasurer, and shull be disbursed or invested by Lim according to the 
direction of the C-oiincil. 

2fi. — The Copyright of nil pajwrs commnnicoted to, and accepted for 
printing by the Council, and jn-inted within twelve months, shall Income 
vested in the InstLtiit*, and such communications shall not be published 
for sale or otherwise, without the written permission of the Cotincli. 

29. — An Ordinary General Meeting shall be held on the first Saturday 
of every month (except January and July) at two o'clock, unless otherwise 
determined by the Council ; and the Ordinary General Meeting in the 
month of Angnst shall be the Annual Meeting, at which a report of the 
proceedings, and an abstract of the acconuta of the previous year, shall 
be presented by the Conucil. A Special General Meeting shall be called 
whenever the Council may think fit, and also on a requisition to the 
Conncil, signed by ten or mure Members. The business of a .S|iectal 
Meeting shall be cimfined to that 8])0oilied in the notice convening iU 

80. — At raeetinga of the Council, five shall be a qnonim. The 
mintitcs of the Council's proceedings shall be at all times open to the 
inspection of the Members. 

81. — All Past-Preaidonts shall be ej>ogici> MemberB of the Council so 
long as they continue Members of the InstituU, and Vice-Presidents who 
hkve not been rc-oioctod or have become ineligible from ha^-ing hold ofHi-e 
for three consecutive years, shall be tx-offkio Members of the Conncil for 
the folbwing year, 

82. — Every queation, not otherwise provided for, which shall come 
before vay Meeting, ahoU be decided by the vot«s of the majority of the 
Original, Ordinary, and A<«ociale Members then prewnt. 
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S3. — ^All papers shall be sent for the approval of the Cotmiil at least 
twelve days before a General Meeting, and after approval, shall be read 
before the InBtitute. The Coancil shall also direct whether any paper 
read before the Jnetitiite shall be printed in the Transactions, and notice 
shall be given to the writer within one month after it has been read, 
whether if. is to i« printed or not. 

34. — All proofs of reports of discueaionB, forwarded to Members for 
correction, must be returned to the Secretary within seven days from the 
date of their receipt, otherwise they will be conaidered correct and be 
pintedoff. 

35. — The Institute is not, as a body, responsible for the statements 
and opinions advanced in the papers which may be read, nor in the dis- 
cnssions which may take place at the meetings of the Institute. 

30, — Twelve copies of each paper jirinted by the Institute shall be 
presented to the author for private nse, 

37. — Memljers elected at any meeting between the Annual Meetings 
shall be entitled to all papers issued in that year, ao soon as they have 
signed and returned Form F, and paid their subBcriptions. 

38. — The Transactions of the Institute shall not be forwarded to 
[- Members whose snbscriptiDns are more than one year in arrear. 

39. — No duplicate copies of any portion of the Transactions shaO be 
issued to any of the Memljers unless by written order from the Council. 

40. — Invitations shall be forwarded to any person ivhtise presence at 

the discussions the Conncil may think advisable, and strangers so invited 

ihall be permitted to take part in the proceedings but not to vote. Any 

I Member of the Institute shall also have [wwer to introduce two strangers 

I (see Form L) to any General Meeting, but they shall not take part in the 

I. pcoceedings except by permission of the Meeting. 

41. — No alteration shall be made in the Bye-laws of the Institute, 
I'Bxcept at the Annual Meeting, or at a Special Meeting for that purpose, 
w- and the particulars of every such alteration shall be announced at a 
I previous Ordinary Meeting, and inserted in its minutes, and shall be 
L exhibited in the room of the Institnte fourteen days previous to such 
kAnnual or Sjjecial Jleeting, and such Meeting shall have power to adopt 
WlOj modification of such pi'oposed alteration of the Bye-laws. 



Approved, 

E. ASSHETON CROSS. 



J 
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APPENDIX TO THE BYE-LAWS. 



[FORM A.] 

A. B. [Christian Name, Surname, Occupation, and Addresa in full], 
being upwards of tncnty-eight years of ago, and deairouB of being c)o<!ted 
an Ordinary Member of the North of England Institute of Mining and 
Mechanical Engineers, I rccommoitd him from pirsonal knowledge as a 
person in every respect worthy of that distinction, because — 



[n»r« fptcify dittinetlg the qu 



•lifiealioa of lie 
0/ Bgf.la^ 3.^ 



Candidate, according to l\t rpirit 



On the above grounds, I beg leave to ])rnposu him to the Council as 
a proper person to be admitted an Ordinary Member, 

Signed Member. 



Dated this day of IS 

We, the undersigned, concur in the above recommendation, being 
convinced that A. B, is in every respect a proper person to be admitted 

an ordinary Member. 

TBOK HUOSAL KXOWLIDOt. 



Uemben. 



[To UJlUtd up bg Ike Co-nc*/.] 
The Conndl, having considered the above recommendation, present 
A. B. to be bailotcd for as a of the North of England Institute 

of Mining ud Mechanical Engineers. 



Rigncfi _ 
day of 



_OhaJnn«n. 



[FORM B.] 
A. B. [CJhriatian Name, Surname, Occupation, and Address in full], 

being dcEirous of admisBion into the North of England ln8titut.e of Mining 
and Mechanical Engineers, we, the undereigned, propose and recommend 
that he Ehall become [au Honorary Member, or an Associate Member, or 
a Student] thereof. 



I Three* 
I Members, 



• If RQ Honorary Member, Bva «ia:nBtitr« are necemrv, tuA the following 
Form must be filled in bjr the ConncQ. 

Dated this dsTof 18 



[Tit hefilUd tifbgilu Cctutcil.'] 
The Cotmcil, having TOnsidi-rod tlic aljovc recommendation, present 
A. B. to be balloted for as an Honorary Member of the North of England 
Institute of Mining and Mechanical Engineers. 



Signed— 



-Chairman. 



day of 



[FORM C] 

A. B- [Cbristian Name, SiiraBme, Occupation, and Address in full], 

' being at present a of the North of England Institute of Mining 

' and Mechanical Engineers, imd upwards of twenty-eight years of age, and 

being desirous of becoming an Ordinary Member of the said Institute, I 

lecommend him, from persmial knowledge, as a person in every respect 

worthy of that distinction, because — 

{Sere tpeni/j/ ditlinellg the Qsalificaliaiu of lie Oa^iJale aeeording to tht tpirit 
of Bi/t-laie 5.] 

On the above groonds, I beg leave to propose him to the Council as 
' ■ proper person to be admitted au Ordinary Member. 

Signed Member. 

Dated this day of 18 

We, the undersigned, concur in the above recommendation, being 



coiwinced tliat A. 6. ie in every rcflpect a jiroper perBou to be admitted 
nil Oi-dimir)' Muinber, 



- 1 Two 
C Members. 



FROM PEBSOSAL f 



{To btJllUd mp by tht CevHtil.^ 

The Council, having considered the above recommendation, present 
A. B. to be balloted for aa an Ordinary Member of the North of England 
Institute of Mining and Mechanical Engineers. 

Signed Ohainaan. 

Dated day of 18 

[FORM D.] 

List of the names of peraonB to be balloted for at the Meeting i 

, the day of 18 

OrDIFABT UeubRBS: — 



Absocutx Mehbbbs: — 



HONORABY MeUBERB: — 



strike oat the namw of snch petBoiu as yon dedre sbonLd not ba 
elected, and hand tlie list to the Chairniaa. 



[FORM E.] 

8m, I beg leave to inform yon that on the day of 

yon were elected a of the North of England Inatitnte of 

Mining and Mechanical Engineer!), but in conformity with its Kales yonr 
election cannot be confirmed until the t;ncl'«ed fonii be retDmed to me 



with yoiir dguuture, and until your first annnal eabecription be paid, the 
amount of which is £ , or, at yoar option, the life-compogition 

ot£ 

If the subscription is not received within two months from the pre- 
sent dat«, the election will become void under Bye-law 16, 
I am. Sir, 

Yours faitlifiiUy, 

Secretary . 
Dat«d IS 



[FORM F.] 

I, the undersigned, being elected a of the North 

of England Institute of Miutug and Mechanical EngineerB, do hereby 
agree that I will be governed by the Charter and Bye-laws of the 
8ud Institute for the time being; and that I will advance the objects 
of the Institute as far as ahaU be in my power, and will not aid in any 
nnauthorised publication of the proceedings, and will attend the meetings 
thereof as often na I conveniently can; provided that whenever I shall 
signily ill writing to the Secretary that I am desirous of withdrawing my 
name therefrom, I shall (after the payment of any arrears which may be 
due by me at that period) cease to be a Member, 

Witness my band this day of 18 



[FORM G.] 

Sir, — I am directed by the Council of the North of England Institute 
f of Mining and Mechanical Engineers to draw your attention to Bye- 
' law 17, and to remind yon that the sum of £ of your annual 

Babscriptions to the funds of the Institute remains unpaid, and that you 
are in consequence in arrear of subscription. I am also directed to 
request that you will cause the same to be paid without further delay, 
otherwise the Council will be under the necessity of exercising their 
diacTBtion as to using the power vested in them by the article above 
teferredto, 

Sir, 




Youra faithMly, 



i 



0^) 

[FORM H.] 

Sir, — I sm directed bj the Council of the North of Englnnd Institat* 
of Mining and Mechanical Engineers to inform yon, that in consequence 
of non-pBjTnent of yonr arreara of subscription, and in poreuance of 
Bje-Iaw 17, the Council have determined that unleea payment of the 
amount £, is made previons to the day of 

next, they will proceed to declare that yon have ceased to be a Member 
of the Institute. 

But, notwithstanding this declaration, you will remain liable for pay- 
ment of the arrearfl due from you. 



I, Sir, 
Yours tkitht'ully. 



BecKtNiy. 



[FORM I.] 
Sib, — 1 am directed by the Council of the North of England Institute 
of Mining and Mechanical Engineers to inform you that, upon inatnrc 
consideration of a propoeal which haa been laid before them relative to 
you, they feel it their duty to adviae you to withdraw from the Institute, 
or otherwise they will be obliged to act in accordance with Bye-law 18. 
I am, Sir, 

Yours faitlifuUy, 

ttecretary. 
DaU-d m 



[FORM J.] 

Sl&, — It ia my duty to inform you that, under a reeolutiou passed at n 

Hpecial General Meeting of the North of England Instiliitv of Mininp 

and Alecluuiical Kugineers, held on the day of 

18 , according to the pniviaions of Bye-law 18, 

yua have ceased to be a Member of the Institute. 

I un, Sir, 

Toon fluthfblly, 

Secrctarj. 
Dated 18 



(Ixi) 
[FORM KO 

BALLOTING LIST. 



Ballot to take place at the Meeting of 18 at Two o*Clock. 



PBBfiiDEMT — Oms Name Only to be returned, or the Yote will be lost. 
President for the current year eligible for re-election. 

"^ZZHZ { ^^^ Nominations. 



YiGS-PRBsn>ENT8 — 8ix NAMES Only to be returned, or the vote 

will be lost. 

The Votes for any Members who may not be elected as 
President or Vice-Presidents will count for them as other Members 
of the Council. 



)yi 



Vice-Presidents for the current year eligible for re- 
election. 



New Nominations. 



I 

i 



COUNOIL- EiQHTEEN NAMES only to be returned, or the Yote 

will be lost. 



Members of the Council for the current year eligible for 
' re-election. 



' New Nominations. 



Extract from Bye-law 21. 

Eftch Orlfhud, OnUnmnr. tad AnocUte Member ihAll be tA Ubertgr to nomfnate 
in vxitlDA And eend to the Secretur not len than eight dayi prior to the Ordinary 
GeneiBl Meeting in Jone^ » Uat, dohr dgned, of Members ■oitable to fill the Offloee of 
Fraldentb Vloo-Preeidenta. and Members of Coonoil. for the enrainf year. The 
Ooandl siuUl prepare a list of the persons so nominated, togather with the names of 
the Offioers for the current year eligible for re-election, and of such other Members as 
they deem suitable for the rarious offices. Booh list shall comprise the names of not 
less than thirty. The list so prepared by the €k>ancil shall be submitted to the General 
Meertng i& June, and shall be the balloting list for the annual election in August 
CBea Fona K in the Appendix.) A copy of this list shall be posted at least seron days 



•sl 



(llii) 




NUDOi labttilnted for bdj of the kbore ue to be written in the 
bluik ipkcca opposite thow tbe; are intended to tttpenede. 
The folloning Ueniberi are ioeligible fnin causes specified in 

Bye-law 19; — 

Ab (^esidekt 

As VICI-P&KBIDBIIT 

Ai CouNon.i.oiia_ . 



[FORM L.] 
Admit 
of 

to ihe Meeting on Saturday, the 
(Sign&turo of Member or Stndcnt) 

The Chair to be taken at Two o'Clock. 
I undertake to abide by the R«gulationfl of the North of England 
loBtttute of Mining and Mechanical Engineers, and not to aid in any 
unanthorisDd publication of the ProceedingB. 

(Signature of Visitor) 
Not transferable. 



NORTH OF f:NGLAND INSTITUTE 



or 



MINING AND MECHANICAL ENGINEERS. 



GENERAL MEETIX(i, SATUKDAY. SEin\ 7tii, 1878. IN THE WOOD 
MEMORIAL HALL, NEWCASTLE-UPON-TYNE. 



0. C. GREENWELL, Ehq., President, in the Chaib. 



The Assistant Secretary read the minutes of the last meeting and 
the minutes of the Council meetings. 

The following gentlemen were elected : — 

HoNORAUY Member— 

M. VviLLEMiN, Engineer nnd General Director of the Mines at Aniche, and 
Vice-President of the S<)ciet^ de rinduMtrie Mineralc, Prance. 

Ordinary Members— 

Mr. Robert Winstanley, M.E.. Manchester. 

Mr. Jambs Hunter Oocdie. Enf^neer, Marvport Iron Works. 

Mr. John Lancaster, M.E., Auchinbeath. &c., Collieries, Lanarkshire. 

AssoriATKS- 

Mr. W. Gabcoyne Dalziel, M.E.. 2, Pembroke Terrace, Cardiff. 
Mr. John Edoe, Colehrook Dale, Salop, Shropshire. 



Student - 

Mr. H. O. Maccabe, M.E., Chilton Collier?-, Perry HilU 
VOL. xxvni.-inSi ^ 



rHOCEKDINOB. 

The follfininp: wcro noniinntor] fof eleetimi at the next meeting : — 

Ohuinaht Mrhbrii - 
Mr. Hbnrt Bramall, Mem. liisl. C.R., Ht. Hetrn^ lrfiii(».-<li;rc. 

AasociATEa — 
Mr. Xatmas MiLi-Kr. Knr1mrl«lU Colllerii"-. Kmt Iii.lin HhIU.iv. nu.til Lliw, 

B«iiK«l. 
Mr. W. S, OiiKflLKT. M.R , Ovim-wwiIp. Aililn-dcU-i'^mcU, 



Mf. HoBKRr BePKBiw, Kut I'mitoii dUiery, I.int;! Orfrn. 
Mr. KnwARD P. Mkllt. Nuniicrv O.llitTy OIIIrM, Shefll^lil. 

Mr. a. A. liRBOUR h8\nng been called upon ti) read his ■' Notes on 
Bome of the Sections of the Carboniferous Limestone Beries of Nnrthiimber- 
liind, puhliehed liy the Institute in tiic first Part of the 'Account of 
Boriufw and Sinkings,'" Raid, thiit witli the pcrmiasicm of tlie ('bBirman 
he would ask the meeting to take the nutes as read, ns the; referred to the 
sections published, and would, if read apait from those sections, be almost 
unintelligible ; and he did bo the more readily as the other paper on the 
[in^ramme was one of considerable length and importance, and the 
author had, he t)elicvcd, travelled a very long distance to read it. 

The meeting, having been consnlted, agive<l tn Mr. Lebnur's pro- 
jxmition, and the following pai^r was considered as read: — 



^ 



MH. LEBOUtt H NOTES. 



BEIKP NOTES ON SOME 01' THE SECTIONS OF THE 
CARBONIFEROUS LIMESTONE SEKIES OF NORTHDM- 
BEHLAND, PDBLI3UEI) IN THE FIRST PART OF THE 
" ACCOUNT OF BORINGS AND SINKINGS." 



lie <j. A. LEBOUR, 

i^ LmnuRUL ik Okoluuicil si 



I 



The following ahort memoruiida may, it is thought, add sumuwhnt to 
the interest uf the more obscure sections cautaiiied iu the iirst batch of 
boring accouuts just issued by the Institute. They may serve t<) direct the 
sttentiou of members faaviug Bpeuial knowledge, or special opportunities, 
to Bome pointe in local geolofiiy iihich require and deserve elucidation. 

The etratigraphiual nomenclature adopted is that proposed by the 
writer in 187G, in his paper " On the larger divisions of the Carbonil'erous 
System in Northnmberland,"* 

Tlie numlK-i's arc those of the sections, an given iu the work referred to, 

I. 
No. 6,— ACOMB COLLIERY. (Paob 4.) 
The chief geological iutei'est of this section lies in the di'ift deposits, 
especially tiie "strong eluy" and "loamy sand" underlying the "gravel 
and stones." The two former divisions are well exposed in the tile works 
between the colliery and the North Tyne, by the side of the North 
British EaUway, and consist of extremely finely laminated freah-ivater 
sandy clay, more resembling the " wui-p" ui' Yorkshire than any other 
Norlhumhriau deposit known to the writer. The laminss are so regular 
and thill as to be quite coherent, a peculiarity commoner in still-water 
sediments than in those of rapid ^i^'ers. Indeed, it ie probable that the 
Acomb clay-beds are lacustrine in character, and I'epresent the ooze of a 
small lake which once exiated between the St. John Lee aTid Warden 

■ Tnuixui^tiuii. .>f di.- N<>i'tli i>t' K>iflai^a luNtituU' ..f Uhimg auci Mt'clmiiiol 
f JSnpiicer*. \ol, XXV. 
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HillB, occupying (though at a higher level) much the same position as 
the recent alluvial hangh between the Nortli aTid South Tyue rivera. No 
foBsila have, tu the writer's knowledge, been yet found in the clay ; but 
it is probable that minute cnistaoeao remains (Entunnostraca) will be 
discovered in it on careful inepection. 

The clay, as will be seen in the section, rcEts immediately on the 
denuded edges uf the Bernician rocks, in the same manner as the Boulder 
clay of the district, with wliich it cannot, however, be compared. The 
overlying graTels l)elong t^ the series which form the well-marked teri'aces 
alon^ the South Tyne valley, and which are but poorly represented along 
the North Tyne, So marked is this, that salmon fishers (who are well 
acquainted with the general appearance of the river-gmvels iu each 
valley) recognixe the tilery pebbles at once aa being of the South Tyne 
type. There is no passage between the gravel aud the clay beyond the 
"loamy sand" mentioned in the section, but the beds are perfectly 
t^informahle. 

In age the clays are then, it appears, intermediate between the Boulder 
clay proper and the high-level gravels of the South Tyne valley, which 
are themselves partly glacial in origin (containing striated pebbles in 
jilaces] and partly post-glacial — that is, true river-gravels. The re- 
awortment of the glacial beds into the latter makes it on«:n very difficult 
to distinguish the two kinds. 

The Sue lealy day of Acomb may therefore be looked npon as a late 
inter-glactal depoBit. 

The " limestone" of the section is the Little Limestone (that next 
«bove the Great Limestone) of the Upper Beniiciau Bcries.* 

11. 
No. 8.-AID CRAG. (PiOB 7.) 
This section is in the Lower Bemieian beds, near the horison of the 
Kidsdale Ironstone Shale. It was taken close to a fault of considerable 
thiMW, and its exact position with reference to the sliale is somowliat 
doahtnil in conaequenoe. Properly it should be studied in connection 
with the sections uf Ridsdale, Uaresbaw, and Bdlingluuii. 

III. 
No«. 9-H.-4LLKS8HKAU OB ALLEN'S CLOSK. (P*ow 7-».) 
The place is now known usually as " Closehead." 

■ Hra Ltbonr "On Ilia Little Lliueatone uu] lu ■ccumtiaiijing Ccal in Boutb 
NorthumtMrknd." (TimiwwtiDni of tin NoHli of KiigUiid ImUtuM o( Mlnltig uid 
MrdmiiH-al Ki<|t<n««n. Vol. XXIV.. pifff 72 83.) 






CARBONIFZBOUB LIMEaTOSB HEBIEB OF HOETHUMBEELASD. 5 

The coal at the bottom of Nu. 9 has been worked on a small scale 
for land-sale purposes for a considerjible number of yearn. It lifs low 
down in the Lower BemiciaD series, and is liable to p^at variations of 
thickness in short distances, being at times nearly five feet thick. The 
immediate neighbourhood is, however, much faulted, and the scam is cut 
through by ancient waalies or " stone dykes." The precise horizou of the 
beds here is open to discussion. 

IV. 
Xoa. +i, 45.— BAMBOKOUUH. (Faom «. 46.) 
These sections are in the Upper Bemician series, but their exact 
position within that series is not known. The intrusive sheets of the 
Whin Sill intersecting the district add to the difficulty of clearing np 
this point — on important one, since on it depends, to a great degree, the 
identification of the intei-estiug beds with Posidonomija Berheri and plants 
at Budle. It is thought probable that the horizon may prove to be about 
that of the Little Limestone. 

V. 
Nob. 96-99.— BELLINOHAM. (Paqkb 83-85.) 

No. 9(! is on extremely detailed section of the llidsdale ironst'^iic shale, 
as it was measured in Hareshaw Burn. The ironstone varies very much 
in the size of its nodules, so that the separate thicknesses given can only 
be relied on for the particular spot at which they were measured. At 
the bottom of the first colunm of No. 07, tlie ironstone shale is given as 
a whole T\ith a thickness of 29 leet. The " Isaheliu" and " Thomas" 
ironstones are continuons layers of clay ironstone below the Ridsdale 
shale, which were formerly worked as a " black band," with the inter- 
vening splint coal partiug. These bands do not appear to be very 
constant. The limestone in this section is the Bottom Limestone of 
Kidsdale, a bed in tlie Lower Bemician series. At the Ridsdale Quarries 
a bed uf sandstone alone intervenes between the limestone and the iron- 
stone shale ; tiiis has been split up into the seven divisions of the present 
section (including a thin coal-seam) in a distance not exceeding five 



The shale heap at the mouth of No. 97 is rich in Berniciau fossils, 
and especially m fine specimens of ConuUiTia quadrisiilcata, a form which 
is very rare elsewhere at the same horizon. 

No. 98 is a section below the horizon of the ironstone shale, the 
Ui)per Hall seam being seven or eiglit luthoms beneatii the latter. 
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No. iVJ. — The Iliireahaw Huid i 
than the last-meotioued seam. It 
been worked for land-sale purposes. 



Kill uL-ijur-s HtiU lover in the serieB 
is of excellent qnality, and has long 



Koa. 103-1£«.— Uei^AV. (Paois &S-98.) 
The identifieution of the exact p<jsitioti of these iiamerous ahallon 
borings seems to be now almost impossible. All, however, refer to the 
Upper Bemician series from the Little LimuBtono coal upwards. In this 
district there is a great thickening of this uppermost portion of the series, 
and a number of seaina above a fi>ot thick ore fumid between the Felitop 
and the Little LimestuncB, whivh are, further to the north and sooth, 
either mere scares of coal ur altogether wanting. 

VII. 
Sm. 182-1S7.— IUIU)l[OPl!: UIUIU. (I>A(jM 138-111.) 
All these sections are low down in the Lower Bemieiau Rucks, much 
below the Ridsdale Scries. 

In No. 184, for " ftill Burn" read " Sills Burn." The latter is one of 
the streams running into the Ucdewater from the north. Ite bed affords 
an admirable new of the beds or sills; heucc the uunic. 



N... 1(J8.-BIIIKSHAW. (PioE 1«.) 
The limestone in this section it the Little Limestone. See the 
writer's paper, already quoted, on that bed and it^ accompanying cottL 
(Transactions of the Noith of England Institute of Mining and Me- 
chanical Engineers, Vol. XXIV.) 

IX. 
No. 28».~BRANDVWEliL HALL. (P*ob218.) 
The " Blue and l>tiiek stony clay, with whin tumblere or open lime- 
stone," Bppeikre to bi- Boulder clay resting u|H>n the gluciut«d and eroded 
BorfiicG of Die Little Limestone. 

X. 

No. :»]{.— BUI N Kill] KN. (Paou ^0, iil.) 
Tliis is u general ecctiou on)y, consimcted from various borings or 
sinkings, and from surface observations. The account, tliercfon;, idtbougli 
it may bo correct in its {urts, eainiot be held to represent a true section of 
the beds at any one poinl. 



^ 



CARBONIFBROUB LIME8T0NE BRBIER OF NORTHUMBERLANI). 7 

For ** Beadwell Limestone" read " Beadnell Limestone." 
The Eight- Yard Limestone is that known sonth of this district as the 
Foor-Fathom Limestone. The Main Coal here is the Shilbottle Seam. 

XL 
No. 886.— BURRADON. (Paob 252.) 

The position of this section is a little to the Sonth of Biddlestone Edge, 
and not far fi*om the village of Netherton, at the foot of the Cheviots. 
It is specially interesting as being either at the very base of the Tx^wer 
Bemician, or in the Tnedian or Calciferons Sandstone series, where 
measured sections are extremely scarce. 



Mr. Arthur R. Sawyer, Assoc. R.S.M., then read the folloiN-ing 
Paper: — " Mining at Saarbnickcn, with an Account of the Stnicture of 
the Coal-Field." 



i BAABBRUTKEK COAI^FIELD. 



MINING AT SAARBRUCKEN, WITH AN ACCOUNT OF THE 
STRUCTURE OF THE COAL-FIELD. 



Bt a. H, SAWTKR. Assoc. R.S.i 



Thk Saarbriicken Coal-field is one of the largest in Europe. The great 
nimiber of faults and other irregular ities, the presence of pjritCT in the 
bands aad cleat of the coal, to which many a lire is due, aud the frequent 
occurrence of flre-dauip. all lend to render the ivinning difficult. 

I.— HISTORY. 
CoAi, ia first mentioned here in 1 529, in an Act which secures all mineraifl, 
" alflo coala," to the manor of Saarbriicken. About the beginning of the 
eighteenth century, collieries are mentioned at Keunkirchen Welleaweiler, 
Bexbach, Fricdricbathal, Illingen, and &;hwa)bach ; these were, however, 
worked on a small scale from adit levels or by means of shallow pits which 
were sunk until stopped by water. 

By a princely decree of December 12th, 1754, all private "coal- 
diggings " became the property of Prince Wilhelm of Nassau-Saar- 
briicken, compensation being given, and were placed under the supervi- 
sion of a manager and several under- viewers. 

Coal was used till 1765, only for lime kilns: from that time it was 
used for house purposes; a little later for glassworks, etc. 

During the French occupation the collieries were worked by the 
Republic from 1793-97, then given over to a Paris Company, and in 
1808 placed under Imperial supervision. 

By the treaty of 1815 they were handed over to FrusBia, by whom 
they have been made the largest works under one management in the 
world. Under the energetic raanagemunt of Leopold Sello, who was 
director of the Saarbriicken collieries from March, 181(i, to October, 
1857, the yearly output rose from 20,000 tons to 300,000 tons. 

The first steam engine was put up in 1630; the first steam pumping 
and winding engines in 1638 ; liaulag^. \ij steam was introduced in 1861, 
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and the first boring machines in 1867. In 1874 theSaarbruckencolliericB 
yielded an outpat of 4,158,345 tons, and employed 21,000 workmen, 
500 horses, and 199 steam engines eqnal to 10,300 horse-power. 

U.— SITUATION OP THE COALFIELD AND EXTENT OF EXPOSED ABBA 
OF COAL-MEASURES. 

This coal-field lies south cf the Hunariick, and is bounded by the rivers 
Saar, Blies, and Nahc, (See Plates I., II., III., IV.) Its principEil portion 
IB on the right of the Saar, extending towards the Rhine; a very small 
portion being on the left. The greater part of the coal-fieid is Bituated in 
Rhenish Pmssia, a sntall and valuable portion in Rhenish Bavaria, and 
another amall portion in Lorraine. The exposed area of the Haarbriicken 
division of the coal-measures proper, which is the only important one com- 
mercially, has an oval shape, and is about ninety square miles in oxtflut. 
The larger a.'cis, which is about twenty-one miles long, has a N.E.E, 
direction ; the smaller axis is about six miles long. 

III.— GEOLOGICAL BOUNDARIES OF THE COAL-FIELD. 

The line of contact lietwecn the Permian and the Devonian slates 
forms the nurthem boundary of the coal-field. The Devonian slates 
have here a southerly dip which is nearly vertical. The Permian lies 
against it with a pmtle dip of fi-oni 1 8 degrees to 20 degrees to the sonth. 




Coal Field 



The prolongation of this line of contact Ming in with the sudden bend of 
the Rhine from Biebrich to Bingen (see Pig I.) leads to the belief in the 
eziBt«ncc of a great fault along that line. 

The eastern kiundury alwi seems to have been formed by a fault which 
was accompanied by an outflow of eniplive rock. Tertiai; rocks occur 
on the other side of this boundary; they diacloao Bunter between Oppen- 
heim and Mayence. 

Not only do eruptive rocks (Quartu Porphyry and Uelaphyre) oocnr 
along tlie eastern boundary us at Knmuiuch nnd the Uouuerebcrg, but they 



sIbo occur at many other places, especially along thf Nahe, beginning &t 
Litt*rmont. This conatitutca an essential difference between the 8aar- 
briicken coal-field aud those of Westphalia and Belginto, in which no 
eruptive rocks occur ; it bears analogy to the coal-fietd of Lower Sileda, 
in which eraptive rocks are found. There is coacluBive evidence that the 
Bouthem boundary, like the northern, is formed by a large dislocation of 
great thickness. The parallelism between thoBc two bonndariea is very 
great. More will be said about It in describing the lower group of seams 
in the CarboniferouB formation. 

In the west, the coal-measures pnaa under the Buntcr. The borings 
made by the French, which proved coal-bearing strata about nine miles 
beyond the beginning of the Bunter, Irnve not given very favourable 
results. The Buntcr below the level of the valleys was found to be so 
impr^nated with water, and so traversed by faults, that when of great 
thickness the sinking of pits through it meets wltb almost insurmountable 
difficultieB. The Saarbriickcn division of the cual-mcaeures was also 
found to occur at a very great depth. Of forty boreholes, some of which 
reached a depth of over 1.800 feet, twenty-six have reached ooal-bearing 
strata, some passing tlirough nine soamB. Eight ha('G been abandoned 
too early. The remaining six were sunk in non-coal- bearing strata or 
yoimger formatione; one of these, which was sunk at Coume to a depth 
of 3S8 feet, did not pass beyond the Musuhelkalk. 

The cost of sinking these boreholea is estimnted at three million franca. 

Boreholes sunk south of Forbach have proved failures. Those of 
GroBsbiiederedorff, Alsting, Morsbach, Merlebach, Freyming, St. Avoid, 
Longeville, and Oderfang, which were sunk to a great depth, remained 
either in the Bunter or passed into the Ottweiler division of the coal- 
measures. They all point to the presence of a large fault stretching east 
and west. The deepest of these holes, that of Freyming, passed through 
768 feet of Bunter and 1,024 feet of Ottweiler strata. 

IV.— QEOLOQICAL POSITION OF THE CO.*L-FIELD IN HELATION 
TO THOSE OP WESTPHALU AND BELGIUM. 

The Saarbrucken coal-field is situated on the southern slope of the 
immense mass of Devonian and Metamorphic slates, on the northern slope 
of which the Westphaiian, the Belgian, and the Aix-la-Chapelle (Inde 
and Wurm), coal-fields lie stretched out. 

These latter rest conforniably on Mountain and Devonian limestones, 
and with these, present a wavy and zig-zagged structure. They are 
known to extend northwards under newer tbrmatious. 
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The older members of the Saarbriieken coal-field, on the contrary, are 
not known, nor hoA the coal-field been eatiBfactorilj explored below the 
newer OYerljing fonnations. 

Whether the mosB of Devonian and Metamorphic slates asnuned ita 
present position before the fonnation of the coal-meaanres on its dopes ; 
or whether the present cotJ-iields, which skirt tliese slopes, are the remains 
of a large carboniferooa deposit which has been partly dennded away 
daring the gradual rising of the slates, and accompanying enbmergence 
of tlie North Sea, is nncertain. The latter explanation seems the most 
probable. 

v.— STRATA OVERLYING THE COAL-MEASURES. 

The coeJ -measures arc covered to the south and west by Triassic 
strata, and to the north and cast by Permian strata. 

The tatter form, with the t^al-measnres, such an intimate system of 
stratification, that for a long time all the coal-bearing Permian strata 
were considered carboniferous. It may be remarked that just as here, so 
in the Kansas and in the casteni sluitea of the Rocky Mountains, the 
Permian is so completely conformable to the carboniferous formation tliat 
no distinct line of demarcation can be drawn between them. 

Permian strata, corresponding to the magnesian limestones and marl- 
slates here, do not occor. 

The " Rothliegende," corresponding to the Permian lower red sand- 
stones and marls here, is well represenl^d. 

The Triassic strata consist of three members: the Kcnper, the 
Mnschelkalk (wanting in England), and the Bunter. The Kcnper is rery 
insignificant in this coal-field, bnt the MuschelkaUc and the Bunter are 
well developed. 

The latt«r must once bare covered the whole of the coal-measurea, as 
may be inferred by outliers, many of which lie on the highest points. 
The coal-measures must already have been tilted, denuded, and trnvirsed 
by faults before the deposition of the Bunter took place. The Bunl«r lies 
nnoonfbnnably to the coal-mcasnres, dipping in the opposite direction. 
The dip, which is 8.S.E., is nearly horizontal. Faults and dykes do 
not paw from the coal-measures into the Bunter. 

VI.— DETAILED DESCBIPTION Of THE NEWER 

(OVEBLYI.VO) FOEMATIONS. 

TRLAS. 

1, — BlTSTER.— TIlis being a shore deposit, consists principally of 

sandstones. The upper divinton of the Bunter is here called " Vultua- 

■andstone," the luwur, " Vosges-sandstone." (See Plate V.J 
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(a) Vosges-Sajidstone. — Its thickness is not known in Praasia, but 
in Bavaria it is 1,650 feet, and near Bitsch D90 feet. It is composed of 
sandstones and a few conglomerates. The sandstone is coarser than that of 
the Voltzia, and when firm is much used for building purposes. No fossil 
remains are known. 

(6) Voltzia-Sakdstone. — Its thickness is from twenty-six feet to sixty 
feet. The lower boundary is not distinct. The sandstones are fine- 
grained, and have been much quarried, being very good for building 
purposes. The uppermost strata of this division consist of beds of red 
and greenish blue clays, two to four feet thick, corresponding t^» the Roth 
of North Germany. The npper of these beds has a thickness of some- 
times three feet, and is most coostiint, forming, with the Uuschelkallc, a 
well-defined line of contact. The flora predominates over the fauna. The 
best f.^aniples have been found in quarries in the Knimbach valley 
between Uoffontaine and Bischmishein, and are in the possession of the 
Saarbriicken Mining School. 

The followiog are some of the species : — 

flora. — Voltzia heterophylla ; Endolepis vulgaris and clegans ; Ano- 
mopteris Mougeotii ; Neuropteris iutermcdia, Gaulopteris Voltzii ; 
Eqnisetum Mongeotii (= Galaroites arenaceous); Aethophylliim 
specioBum ; Sehizonema paradoxa. 

Fauna. — Very scarce and badly preserved ; Myacites ; Myophoria ; 
Rbizocorallium Jeuense; Esthcria minuta. 

Galena and cerusite occur in Bnnter at St. Avoid, west of Saar- 
briicken. 

Brown iron ore occurs in the Vosges-sandstonc, and was formerly 
worked. 

2. — MuscHELKALK. — ThJs is a marine deposit, and therefore calca- 
reons. An abnormal condition is found in the lowest division, which is 
not calcareous but arenaceous, forming a sandstone with the organic 
remains of the Miischelkalk. It lies coDformably to the Bunter, nearly 
horizontal and regular. 



\ Nodosus limestone. 
/ Trochitce limestone. 



(e) Upper division (principal) 

(J) Middle division 

f Dolomite, with Myophoria 
(a) Lower division ... ^ orbicniaris J zone. 

( Muschelsandsteiu— lower rone. 



\ White argillaceous limestone. 
i Clays with gypsum. 
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(a) LowflB MUHCHELKALK or (gres bigarre). Formerly called Roth in 
neighbouring Bavaria, is 1 50 feet thick. The lower zoneur Muschelsand- 
Btein hofl a dolomitic structure. Its saitdstones give rise U> better and 
more friiitfiil soil than those of the Vosges-sondstoue, owing to its 
calcareous and argillikceoue nature. 

The/hra is rare. 

Tb^fatma is rich, m.: Monotis ulberti ; Afytilus eduliformts; (jerviUia 

' Bocialis, mytiloidcfl, cogtata; Mjophoriavulgaris,simpti]X,l!iivigata, 

orata; Corbtilaincraasata; Myacites musculoides; Area Schmidt; 

TeUina edentnla; Terebratula vulgaris; Chemnitzia sp. ; Tnrbonilk 

grucilifl; Nautilus gp. ; Ooniatitea Bncbi ; EiKTinites liliiformis ; 

Lima striata; L. lineata; Pecten lojvigatus; Rtiizouorallinm 

Jenense. 

The upper woe conaiBta of grey, yellowish, and reddish strata of a 

dolomitic nature which predominates in the highest sirata. It differs 

essentially from the lower zone in tlie presence of Myophoria orbicularis. 

Other fossils are found, such ba M. ovata; Myacites; EliiBocorallium 

Jenense ; and plant remains. They are, however, rarer than iu tlic 

M OBchelsandatei n . 

The upper and lower zones are distinct towards the north-west, bat 
indistinijt to the south and east. 

(b) Miunix McscHELKALK is more developed in Bavaria, and contains 
gypsum at OmmerBheira. The lower beds, consisting of red cloys and 
loam, are used for brick manufacture. No fossils have been found. 

(c) Upper Mi;hcbelkai,k. — It is essentially calcareous, as is seen 
from an anulysis of the ruck; — 



SiO, 

CkOO. 
Ms CO, 
H, 



3-68 



Tnee of orguua mUtanM. 
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Trociiitjc l.mEiiTosB. — This thick limestone is grejish white, has a 
ooBchoidal Fracttirc, is otWn oolitic and glanconitic. full of Encrinites 
lOiiformis ; it is tliirty feet thick, and contains siliceous concretions. 

fauna. — Lima striata; Terebratula vulgaris; Oervillia; Myophoria 
elcgans and laevigata; Dentatium, etc. 

Two qjedmeiis of AmmoniU:* nodosue have also been found. 
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NoDOBus LiKESTOHB OT Strata of Ammonitw! uodoHUH, is not mncli used ; 
it baa fiintf concretions. 

Fauna. — Lima striata ; Tcrebratnla j GervillJa Bocialis; Pecten IcDvi- 
gataa; Dentalium; Kothosaunis, etc. 

Pkemiak. — Aa the depositions of the Permian followed directly upon 
that of the coal-mciiBurcs it is not BurprisiDg to find it containing a few 
coal seams which, however, are tar from possessing the thickness aud 
importance of tlioae of the true coal-measures. The clays and shales of 
the lower Rothlieirende, as \a true coal-measures, c<:>ntatn segregations of 
Sphterosiderite insnch quantities that the latter are worked for iron. 

These, aa well as those of Ilfeld. to the south-west of the Harz, are the 
most important coal-beai'ing Permian Btrata. The Rothliegende is 
divided by Dr. E. Weisainto the (1) Upper R,;( 2) Middle R., or strata of 
I*bach; (3) Lower R, or strata of Cusel, The two latter divisions he 
named Kohlenruthliegeudes, from their possessiug seams of coal. Herr 
Ton Dechen named the two latter divisions " Fltitzleerer Kohlengcbirg," 
fh)m a mistaken idea of their identity. 

(3) Lower Rothliegende, ob Cubel Strata, — The two limestone 
beds of Werschweiler, in which Calliptcris conferta and Calamit«s gigas 
appear for the first time, arc the lowest strata of this division. At other 
places these acams have no fossil remains, and towards the west become 
more indistinct, and the boundar}- is therefore less rartaiu. In the subse- 
quent strata is found a mixed Carboniferous and Permian flora, principally 
Callipteris conferta ; silicificd trunks of tree ferns ; Walchia piniformis; Wal- 
chiafilioitormis; Asterophylliteaequisetiformis; (SphenophyllumandStig- 
maria, etc., are wanting). The flora being poor, the coal seams are rare, 
thin, and bad, from 8 to 10 inches thick. Animal remains, such aa Am- 
blypterus; Anthraeosia; Estheria; Crustaceans; Rhahdolepis, and others, 
are found. The strata are partly flandstones (grey, red, brown,) fine and 
large grained conglomerates and arkose, red shales, etc. 

Species passing from the coal-measures to the Cusel strata are — 
Odontopteris obtusiloba; Cyatheitea lu-boreacens, etc. 

(2) MiDniJ: RtiTHLiEQESUE, OB Lebach Strata, eonsiste of red shales 
and clays, slaty and fine grained sandstones, argillaceous limestones. The 
lowest stratum in this division is the only coal-seam, ■■! to '8 i'eet thick, 
having a roof of siliceous limestone containing Acanthodca and Xena- 
canthuB. Above this, and in some places taking its place, follow the iron- 
stone segregations of Lebacli enclosing in nodules the remains of Arche- 
gosauruB aud Acanthodes. 

fforn. — Odontopteria obtuailoba; Callipteris conferta; Calamitea gigaa 
and decoratus; Walchia piniformis and filiuiformis. 
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Fauna. — XenacanthuB ; Amblypterna ; Rhabdolepis ; PaltEnniacus ; 

Anthracusia; Estberia; Gampson^x; aa veil as Arcbegosaunis and 

Acanthodca. 

During the rormation of this dJmion there were emptions of Uelaphyre 

and quartz Porphyry. There is no remarkable difference between the flora 

and fauna of the Cuael and those of the Lebaoh strata, but certain forms, 

especially animal, belong exelusively to the atrata of Lebaoh (Xenacanthus; 

PtJffioniscaa VratislaTienais; ArehegriBaurus; Gampeonyx), in which the 

greater quantity of forms has been fonnd. 

(1) Upper Rothlibqende. — The greater portion of it bna been 
formed of fragments of Melaphyre and quartz Porphyry from the preceding 
divisions. It consiste principally of cunglomerates containing apparently 
no fossil remains except a fossil tnmk found at Wadrill. 

These sedimentary n)cks are so intimately associated with the very 
nnmerouB beds and dykes of the eruptive rocks that there can be no doubt 
of their having been formed simultaneously. Some beds of Melaphyre are 
remarkably regularly deposited, and hare a thickness of from a lew to 
seventy- five yards. 

VIl.-DESCRimON OF THE CARBONIFEROrs FORMATION. 
The c<)ai -measures of Suarbriicken correspond to the English coal- 
measnres proper: older members of the formation, such as millstone grit 
or carboniferous limestone, have not yet been found.* it is matter of 
speculation as U> wlutt they rest on. The coal-measures have been divided 
for polsBonCotogical reasons into two divisions. 

iBt. — The Upper or Ottweiler Division, snlMiivided into — 
fa) An upper zone. 

,, , , , 1(0 upper beds containing no Leoio. 

(l.) A lower zoM j j,j , "^^ ^^, „„t.i„i„g' Um. 

2nd. — The Lower or Saarbriicken Division. — These two divisions 
present pot^>graphieul as well as polieontological ditTerenceA. The Saar- 
briicken rocks have a real carboniferous aspect; whilst the rtwks of 
Ottweiler resemble m<ire tliosu of the lower Permian. 
The following csrboniferous pUnts have been found: — 
Flora. — Sphenopteris irregulnriB, nummularia, cristata, delicatula, fur- 
cataiCyatheiC£BBioti;Diplaziteslnng{rolins! AJethopt^jrisninricaU, 
pteroldcs, Pluckeueti; Annularia splirnophylloidcfl; Sphenophyl- 
lum; Stigmaria ficoides; Sigilluria renifonnis; Lepidophlojiw lori- 
dnus, with Lcpidostrobus ek*. 

• Prufwur Ednnl Hull, in ■ papn un the ClaHiaoti'in »t tliv Carbmlfrnmn tcrim. 
nail bcfun (he (IwlagiMl Society, in IB7T. coiuidcn tha L'lal.flelila of Saubrlloken, 
Wwtiib4li«. «i)d St. EtieniM, u •qulTklcDt to tb« Brituh Middle Ccalniouum. 
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The following BpecimenB which occur in younger atrata, but bo rardy 
tb&t they may be considered ae cbaracberistically oarboniferouB, have also 
been found: — Cyatbeites dentate^, Miltoni, onituB, oreopt«roidea; Alethop- 
tens aqnilinai Amiuiaria longifolia. 

The occurrence of Sphenophjllum soxifrBgefolium, Annnlaria spheno- 
phylloides, and Odontopterie Schlotheimi and Reichiana in the Ottweiler 
strata, is one of the reasons of the separation of the latter rocks from 
those of Cusel. 

( 1) The Ottweileh DrvisioK. — The lowest beds of this dirision consist 
of slates and shales; they are grey, from one to four inches thick, and con- 
tain numerous animal remains, of which Leaia Bantschiana is the most 
important and characteristic, as its occurrence is restricl«d to them. These 
strata are unmistakeable, and have been traced with slight interruptions 
through the whole country between Hangard, and Bous ou tJie Saar. 

The next strata are sandstones, which are characterised by absence of 
Leaia. In this lower zone have been found: Anthracosia GoldlrisBiana; 
and Amblyptenis; Rhabdolepls; Estheria tenella; Oandona; Cypridesj 
fish scales and coprolites. Also an abandonee of ferns; Fecopteris 
arborescens ; Odontopteris obtosa ; Neuropteris mirabilis ; Cjatheites 
densilblius, elegans ; Alethopteris truncata, Bredowi ; siliceous trunks ; 
Walchia rarely. 

The upper zone conaisto principally of red sandstones; there is hardly 
any palseontotogical difference between it and the lower zone. 

Coal is workable only in the lower zone; present, however, in both. 

The strata dip, 5 to 10 degrees N.W. 

(2) The SiAfiBRiiCKEN Division. — This division of the coal-measures 
contains nearly all the large and workable seams of coal. 

The following plants have been found: — 

Flora. — Neoropl«ri8gigantea,heterophylla;Sphenopteri8H6ninghansii, 
obtusiloba, trifoliolata.acutiloba; Scbizopteris anomala; Cyatheites 
pennceformis; Alethopteris lonchitica, erosa, nervosa; Dictyopteris 
nenropteroides, Brongniarti; lionchopteris Deirancl, Banri; Calo- 
mites cannieformis, Cistii; AsterophyUum rigidus, longifolins; 
Noeg^erathitt ; Annularia radiata; Cyclopteris orbicularis and 
Iflcerata; Odontopteris, etc. Also branches of Walchia pinni- 
formis. Ferns in abundance. 

The fauna is rare ; the following have been foimd : — Anthracosia, 
Arthropleura armata; insects; crustaceans. Only one specimen 
of Tertebrata : Anthracosaarus raniccps, 

The strata consist of conglomerate (from 18 to 150 feet thick), aaud- 
voL.xxvm^-im. n 
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Btone,Bliale; a little limefltone; no arkose. Thereof ofthcseamBgenerally 
oonaistfl of clay-slate; the thiU invariably. 

There are four dietiact gn>up8 of strata, in which all the coal is found. 
They are separated from each other by non -coal- bearing strata. These 
gronpa are: — 

1.— The Upper Group. 
2. — The Upper Middle Group. 
3.— The Lower Middle Group. 
4. — The liower Group. 
They have not alt been traced through the whole field, as it ia a matter of 
some difHcolty to identify them ; in fact, to the east the three uppermoBt 
grouj)8 are represented only by one. 

The t-owEB Ghoup (Sections 5 and 6, pages S2 and 63) appears at the 
SQrfacc between Neunkirehen and Dndweiler, the strike of the strata 
being N.B. to S.W., and the dip 30 degrees to 45 degrees N.W. The 
mining operations of Dndweiler, 8ulzl>ach, Altcnwald, HeinitB, and Eonig 
Collieries, as well as those of the Bavarian Colhery, St. Ingbert, are carried 
on in it. West of Dndweiler, beyond the great dyke, the strike of the 
seams becomes more north and south, with a westerly dip. This saddle* 
bend is ctccompanied by many faults, which converge fan-shaped towards 
the southern extremity of the great dyke, displacing the seams greatly. 
The bend is much clearer and more determined within the middle gronpe 
at some distance, for whilst N.B. of TuUenhaus the dip is N.W. ; at 
Herrensohr and Jiigersfrcude the dip has assumed a westerly and south- 
westerly direction. 

North-east, near Wellesweiler, the strata are bent towards the east in 
the form of a large saddle and accompanying trough, upon which follows 
a smaller mantle-shaped saddle. It has been impossible to trace the«c 
contortions in a soutli-wt«tem direction owing t*] the overlying Bunter. 

Judging iVom the position of the strata, their dip and curvature at 
both extremities, there con be no doubt that they form the north-west 
declivity of a Urge anticlinal ridge, havingasonth-wtvtern to north-eastern 
direction, and that its south-eastern declivity ought to bo found at no great 
distance below the Bunter. This, however, has not occurred. 

No carboniferous strata dipping south-east are known between Ncnn- 
kirchen and Dndweiler. 

St. Ingbert is the only cvUiery in which the oontoct of the Bunler and 
the ooal-measures has been explored. The iiuntcr, which generally has a 
very gentle dip to the south, has here a much greater dip. 

A Imn-hole, sunk hy llie Itavuriaii Govemmcul, near the entrance to 
the Kischbsch VoUey drift, passed through 6f>4-4 feet of Banter; then 17*4 
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feet of red and grey Btrata, so-called " RtiLhliegendts;" then through 815'8 
feet of carboniferous strata, without finding a single seam of coal. Depth 
of bore-hole, 1497-6 feet. 

The following are the results of two bore-holes laid down gonth of 
Dodweiler: — The firet on the northern slope of Oiickelsberg, passed through 
228'8 feet of Burner, and then through red and gruy carboniferous strata, 
containing eight Beams, the first of which was met with 179'7 feet below 
the Bunter. The bore-hole reached a depth of 769 feet. The second, at 
Stuhlsatzenhaua, only 3,706 feet sonth of Oiickelsberg, gave a very different 
reanft. It passed through 1029-8 feet of Bunter; fi5-6 feet of doubtful 
strata; and 439*0 feet of carboniferous strata, at which depth of 1534*4 
feet the bore-hole was stopjicd without any coal-SL'ams having been found. 
A line drawn through the two latter bore-holes paesea northwards through 
Richard pit at Dudweiler oollieiy, and oroases the strike of the strata 
nearly at right angles. 

The most justifiable conclusion to be derived Irom these facts is, that a 
great dyke passing parallel to the anticlinal ridge, between Oiickelsberg 
and StuhlBatzeuhau8( nearer the former), has thrown the whole Bouth-eaatem 
portion of the anticlinal down to a great depth. This explanation derives 
great support from an examination of the conditions presented to ub at 
"Welles weiler, where the great dyke which passes between the village and the 
colliery of that name would, if it were prolonged, pass between Oiickelsberg 
and Stuhlsatzeolians. Notwithstanding ite thickness it has been impossible 
to trace this fault far, owing to the overlying Bunter, The lowest seams of 
this group arc the so-called RothhoUer seams, which have not been worked 
at all in Prussia, and only to a small extent in Bavaria. Above them 
are 343 feet of non-coal bearing strata, and then follows the main portion 
of the group. 

lo the west, the lower gronp contains thirty-one workable and twenty- 
nine unworkable seams. By repeated separation of these seams into 
independent seams, and gradual appearance of new seams, they increase 
in the east to forty workable and seventy-seveu nnworkable seams. 

The Bliicher seam is a good example of this change. At Dudweiler it 
is 13 feet 9 inches thick, without any band; turther east it becomes 
divided by a thin band. In the neighbourhood of Venitz Pit the band 
becomes thicker, and about 700 feet further east it is 55 feet thick, and 
the two portions form separate seams. Further east still, they subdivide 
into several seams. The principal scam retains, however, a thickness of 
from eight to nuie feet. As shown by this example, the smaller bands 
increase in thickness towards the east, whilst the larger intervening strata 
increase to the west. 
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This Bhowe the impossibility of making a general section for the 
whole lower group. The western and the eastern sections have only two 
oorreeponding scams — the clay eeam No. 3 and the Blucher seam. 
The former is the characteristic eeara of this group, as it has a constant 
clay band, and serves fur the identification of seams when displaced by 
faults. 

A bed of melaphyre, which crops out at Nanweilerhof, and is 
amongst the Ilothholler seams more to the east, is of service for the iden- 
tification of seams at Dudweiler and St. Ingbert. (Fig. 2.) 
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Section in Lktbl A *t 8r. Ikobert CotuEKY. 
Pio. 2. 
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S feel thick (hud No. 7 in Bsiiiria,) 



This melaphjTTB is red and fine-grained; a few fragments of felspar 
and traces of a greenish black mineral (augite) are found in it. It is 
much (lecoraposed. In level II. at St. Ingbert Colliery the bed of 
melaphyre appears in contact with seam 7. At one point it encloses a 
piece of coal, and the tatl«r again a piece of melaphyre (Fig. 3). The 
Sbctiok in II. LsrsL it St. InQBiiti Coluut. 




ifiyre is highly decomposed and soft, is eight feet thick, and hai 
coucrelioDB of a red Bubctanue. The coal is changed ; when placed in 
the fire,)l la«ak« and aiiDmen, aud is wortblcn. 
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The Beams which dip 30 to 35 degreea N. at DudweOer form an and- 
dinal ridge below the Siilzbach Valley, the northern dip of which ie 




only froin 10 to 15 degrees; the usual dip of the upper and middle groups. 
The distance between the top of the ridge and the bottom of the trough 
or Bynclina! is sixty-fiTe feet. See Fig. 4. 

This ridge decreaseB to the north-eaet hut has been traced in the 
middle group, to the east of Friedrichathal Colliery. Little is known 
about it to the south-weBt, owing to the preBence of the large dyke west 
of Dudweiler. 

The lower group is displaced by many faults. The apparentiy hori- 
zontal displacement of the seams is seen along the Bliicher seam, which 
is represented on the map by a thick black line in the Saar drift level. 

On the downthrow side of faults the seams often have remarkably 
thinner banda than on the upthrow side, so that on the downthrow side 
the total thickness of the strata is smaller than on the upthrow side. This 
is weU exemplified by the Cerberus dyke and the large dyke west of 
DndwcQer. 

The principal dykes and faults of the lower group, with their vertical 
height of throw, are — 

1,— A Urge dyke weat of Dndweiler CoUierj. 343 to 378 feet 

2.^A fault etut ot Veoiti Pit, along the BaiBriHii frontier, 206 feet. 

S. — CerboruB djke, which separates Sulibacb-AttcuwiUd from Heinitz Coltlei^, 

821 feet. 
*.— Vstnpjre djkc, weat of Beinitx CoUieij, 271 to 8« foot. 
G.— Minos dyke, 432 to 181 feet. 
6. — Secnndua djke, west of Kitnig CoUierj, forming the boundary between it and 

Helniti Colliery, 480 to 518 feet. 
7.— Styi dyke, east of KSuig Colliery, 206 feet. 
8. — The great dyke between Kfluig Colliery and Wellesweiler, about 1,000 feet. 

The coal of this group is bituminous, mostly so in the lowest seams. 
Seams of leas than 17*5 inches are considered unworkable. 

The Eothholler seams have nut been tabulated in the east section, as 
they have not yet been explored in that direction. 

The 29 unworkable setuns in the west represent, together, 27 feet of 
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ooal. The 77 seams in the east, 59'5 feet of coal. The tatal thicknen 
of the lower group Id the nest, including the BeauiB of ooal, workable and 
unworkable, is 2,782 feet, and the relation of this thickneee to that of 
workable coal ia as 35*3 : 1. In the east the total ihickncKS is 1,897 feet, 
and tho relation to workable coal as 15'6 ; 1. Thtruforc, the distribution 
of workable coal in the west to that in the east is aa 1 : I'G. 

Olay ironstone is found in this group in the shape of large concretions in 
shales, pieces often weighing one ton. Some slates are much impregnated 
with iron pyrites ; they were worked for alum a lung time ago, and called 
alnm slates. The presence of pyrites at the outcrop of the Bliicher seam 
caused a fire more than 100 years ago which is still smouldering down- 
wards. The place of this fire is near Dudweiler, and is called "the 
burning mountain." It has caused changes in the neighbouring strata: 
clay slates have been partly changed into porcelain jasper of blue and red 
colour, and partly into hard red elates. The sight of this mountain was 
formerly much more striking than now, as the fire has retreat«d down- 
wards, and only now and then sends up volumes of vapour. 

The lower group is separated from the nest upper grnup at JaegerB- 
freude by 1,098 feet of all but non-coal- bearing strata. They contain, 
namely, eight to nine seams ol from S to 8 inches tliickuesa. At Sukbaeh- 
Altenwald, where the thickness is only about biO feet, these small scams 
increase in number and thickness, bnt are insigntficant. 

Lower Middle GEf>iT (Section 4, page 5!tJ, — It emerges from under 
the Duntt'r. along the sonthern slope of the Sulzbach valley, forming a Sat 
anticlinal between that valley and that of Fiahliach. It is first displaced 
about 40O feet by the Hen-ulea dyke, and immediately afterwards, about 
200 feet, by u fault which runs nearly parallel to the strike of tlie strata. 
It then continues northwards as the Amelimg gronp, and is throuTi east- 
ward by the Von dor Heydt anticlinal towards tlic Friedrichsthal gronp, 
with which it is most probably identical. The workable seams of this 
group are shown in the section. The most important is the Uardcnbcrg 
■earn, whicli is probably the eijntiunation of the Motz seam at Friedriechs- 
thaL This will soon be ascertained by expbrutions. The Motz se&m 
and some of the lower seams are affected by the Dadweiler anticlinal, 
destribed in the lower group. 

The thick Kalienberg seam is regarded by some as the continoation 
of the Motz seam. It is, however, quite possible that the continuation 
of the Motz seam may be found lower do«'n, corresponding to the seam 
rcoeutly opened out at Deidenkopf (which may have been cidled Kalien- 
berg by mistake) and to a thick seam whose outcrop is exposed by the 
Uaioits railway cntliutc. and mUo Ui the lower sviuaa of Ziehwuld. 



1 



THE SlABBRtiCKSIT CO&I.-FIELD, S.t 

This group appears at Stanj^enmuhle and Claronthal in the fonn 
of a mantle-shaped saddle. It ifl the continuation of the Von der 
Eejdt anticlinal stretching into Lorraine. The top of the saddle is 
removed, forming a so-called air saddle — the Clarenthal anticlinal. 
The lowest scams, however, form a complete vault. The Gross Roeaeln 
group of seams, to which the Von der Hcydt antichnal reaches, belongs most 
probably also to this group, being surronnded by the upper middle group. 

Besides the workable seams shown in the Section No. 4, this group 
contains twenty onworkable seaine. 

The coal of this, as of the upper groups, is non- bituminous ; its total 
thickness is 2,304 feet, this being in relation to the total thickness of 
workable coat aa39-3 : 1. The seams have a dip of from 15 to 20 degrees. 

Uppeb Middle Ghoxtp (Section 3, page 50).— This group is separated 
from the Lower Middle by strata .^60 to 980 feet thick, containing only 
from ten to twelve small seams S to 10 inehos thick. These strata 
deca'ease in tbiuknees eastwards, and are nearly lost at Friedrichsthal and 
Beden. 

The group is 907 feet thick, or in relation to workable coal as S3 : 1. 
It has fifteen unworkable, and eleven workable seams, of which the 
principal is the Buust scam. 

At Von der Heydt Colliery this group forms a flat saddle passii^ east- 
ward ; to the west of this colliery it is thrown up 175 feet by the Prome- 
theus dyke and piuwes through Gerhard Colliery southward into Lorraine, 

At Von der Heydt CuUiery the Beust seam dijis regularly tfi the north, 
but in the Buri)nch Valley, where it has a southern dip, it forms a synchnal 
trongh. It is again raised into an anticlinal at RuEshiitte corresponding 
to that of Jaegersfreudc. From Kusshiitte the group passes along the 
right bank of the Burbacb stream by Prinz Wilhelm Colliery, the seams of 
which probably belong to this group, on to Gross RosBeln, Fiirstenhausen 
VoUdingeu, back to Gerhard and Von der Heydt. The eastward prolonga- 
tion of this group is not known. The Kallenherg seam, though quite 
different from the Beust seam, might be its continuation. 

The inten'eniug strata between the upper middle and the apper 
group are very irregular. At Gerhard Colliery they are about 1,373 feet 
thick, at Gnichenhach and liirther east only a few feet, and at Volcklingen 
and Qctslautem 540 feet. This irregularity is no doubt duo to internal 
causes, the nature of which however ia not yet known. No ooal has been 
found in these strata. 

Upper Group (Sections 1 and 2, pages 5G and 57). — Beginning at 
Geisiauteni, where it suddenly emerges Irom uuJcr the Bunter on the 
upthrow side of a large fault, this group passes by the collieries of 
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Hostcnbach and Schvfalbacb, forming a flat aaticlinal between them, 
along Bittenbofen, Guichenbach, and Dilsbui^ to Wahlechied. It U 
highlj probable that this group continiieB eastwarda to the McrchweiJer 
and Eedon collierieg. The workingB of Geislaatem, Hosteobach, and 
Kronprinz collieries have exposed twelve separate workable seams, the 
lowest of which (seam No. 6) is worked at Gcislauteni. 

At Guichenbach only six searaa have as yet been opened out, the upper 
of wfaieh is 91 inches thick. This seam does not appear to be the con- 
tinoation of the thick seam of Schwalbach; that continuation has to be 
looked for in some upper seam. 

The idcntiflcation of seams is particularly diiUcuIt in this group as their 
thickness often varies, and they are much disturbed. 

The great similarity of the Knausholz and Schwalbach seams leads to 
the belief that they may be identical, iuid only displaced by the dyke eeat 
of Kronprinz Colliery, which in that case would have a vertical throw of 
8S0 feet. lioth these seams have a very constant band on which their 
identity is based. For a distance of about 1,200 feet square, the Schwal- 
bach scam becomes divided into two portions, which become united out- 
side this area. The greatest distance between tlio two portions of the 
seam is 15 feet. 

The nomher of nnworkable seams is twelve. The total thickness 
of the group is 2,798 feet, and the relation of the total thickness to the 
thickness of workable coal is as 58 to ]. 

To the east of the Held it has already been remarked there is only one 
irronp, the " Upper group," corresponding to the three ujipermost gronpa in 
the west. In this group the collieries of Quierschied, Friedrichsthal, Merch- 
weilcr, Reden, and the day-level of Ziehwald, carry on their operations. 
The group contains forty-five workable and forty-three unworkable scams. 

The total thickness of the group is 2,926 feet, that of workable cool 
177 feet; or in the relation of IC-fi : 1. 

If this group is compared with the three upper westerly groups 
there is first a thickness of — 

upper gTonp (irut) 

Upper middle proup (wNt) 

Lower middl* gronp (vat) 

Tottl 

Then a tbickneat of wtffkable coal in — 

tipper group (w«at| 

Opper middle ffToap 

Luwcr middlt groiip 

Tot(d .- 
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Thererore, the total tbicknegs nf the {rroiipe to the tute.] thickness of work- 
able uoal is tis 41 to 1. Ootisi'qiientljr the eastern side of the field has tlie 
greater proportion of coal, as in the lower group. 

The distribution of workable coal in the Upper group East is to that 
in the three Upper gronpa West as 3'6 to 1, 
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CoN'Ci.ueiONS. — (1) From the table it appears that the coal-meaflureB 
are twice as thick in the west aa they are in the east. 

(2) The lower group has nearly twice as many seams in the east as in 
the west, notwithstanding the omission of the Rothboller seams in the eaat. 

(3) The number of seams in the three uppermost groups in the west ia 
ninety ; that of the Upper gnrap in the east eighty-eight. So that here, 
there is no increase of aeaias eastward as in the Lower group. 

(4) Taking only the workable seams into consideration, the thickness 
of the coal in the west is to that in the east as 1 : 1'17, and the thickness 
of the non-bituminous coal only as ] : 1'22. 

(5) Taking the total number of seams into aceonnt, the thicknesB of 
bitnminoua coal in the west is to that in the east as 1 : l'Q5. 

According to calculations made some time since, baaed on the pos- 
sibility of working to a depth of 3,430 feet, this coal-field would last, with 
a yearly output of :;,400,000 tons, about 3,000 years longer. As the 
output has, however, been more than doubled lately, the duration may 
be vaguely estimated at half that time, namely, 1,500 years, 
via.— COAL. 

The Saarbriicken coal is of pretty good quality ; in the upper groups 
it is non-bituminous (sinterkohle), in the tower group bituminous (back- 
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kohle) and caking, thongli not to any very remarkable extent. In the 
middle groups the coal is mustly Bemi-bitninicouB. 

The bituminous kinda ore used for boilere, production of gas, and 
formation of coke. 

The cools undergo great changes when exposed to the atmosphere. 
Even after a few days' exposure they yield less gas and less firm coke 
than coals which are iresh from the pit, 8aar coals also prodnce much 
Boot ; they are very firm, giving a good percentage of large — 
45 lo 60 in the ease of bit urn in ons, 
5i to 84 in the case of non-bituminons. 
It has to lie blasted. Backs occnr at inten'iils at right angles to the dip. 
The cleat of the coal is fre<]uently accompanied by a thin film of 
dolomite, whicli sometimes increases much in thickneee. and which gives 
the coal a peculiar ap[)earauce. This dolomite, which does not act in- 
juriously on the coals, is composed of — 

Cwbonite of lime, C"0 C»o" 406 

ma^eai^ CO Mpi" 46^ 

Ferroiu carbonaU CO Fco" 1"8 



The amount of ash varies immensely ; bituminous coal contains the 
least. Compared lo other coals, the ash of the Saarbriicken ooals contains 
very little lime and magnesia, which, considering the gn'nt iimonnt of 
dolomite preeeut in the cleat ptanee. is noteworthy. 



CONlSTITUTION OV ASH. 



810, 
Al. O, 
F., O. 



A peooliari^ of tlm aeama is the local increase of ash to such an 
extent u to make the ooal valnelcss. This ap|)earan(« la designated l>j 
the tenn " Verstoincmng," or pctrifikction. It is often associoted with a 
decrease in the thicJcncss of tlic scam, and with s disturbance in the 
deposition. The following are a few examples: — 

OOUtUX. Bun. 

1.— Altrnwmld No. IG. 

S.— Ocrhud ilriniich. 

a.— Kranprini DiUbnij. 

«.— Prim WUbela .„ .„ AnerawBld. 
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1. 


2. 


3. 


4. 


5. 


Cottl 


C9-72 


60-32 


40-36 


7907 


21-98 


Calcic carbonate 


0-10 


18-56 


•40 


10-42 


49^82 


Magnenc carbonate 


0-19 


10-27 


1^04 


6-09 


17-32 


Silicic anhydride 


16-89 


3-74 


27^71 


•49 


r90 


Alnmina and ferric oxide 


10-28 


6-64 


2266 


3-30 


8^69 


Lime 


• • • 


•27 


•31 


•08 


•86 


Magnesia 


•12 


-02 


•01 


•05 


• ■ • 


Alkalies and loiw 


3-70 


•28 


7^68 


•50 


•08 




100 


100 


100 


100 


100 



The specific weight of the bituminous iMial is less than that of the non-bituminous. 
Average specific weight of aU coals, 1^280. 



COMPOSITION OF COALS. 



OoLUzans. 



Dattweiler 



Heinitz ... 



Gerhard ... ' 



VonderHeydt 



Reden 



Qeislaatem<| 
Ejronprinz .. 



SXJLMS. 



Natxmer 
Beyer 
Blucher 
Aster ... 
Beast... 
Heinrich 
Carl 64" 
Kalleuberg . . 
Alexander 
Alvensleben .. 
Emil ... 
Schwalbach .. 



PXKCXKTAGB OF 



0. 


H. 


0. 


N. 


83^36 


5-19 


906 


•60 


81-29 


5-30 


8-54 




80^53 


5-06 


11-91 




78-97 


5-10 


13-22 




72-38 


4-46 


15-05 




70-20 


4-70 


13-27 




70^30 


3-52 


18-14 




71^52 


406 


14-79 




69^46 


4-19 


17-35 




68-62 


3-76 


17-67 




73-77 


4-35 


17-83 




62*90 


3-84 


17-14 





Alb. 



1-52 
4-87 
2-50 
2 71 
811 

11-83 
8-04 
9-03 
9-00 

10-05 
4-05 

15-86 



Bituminous. 



' Non-bituminous. 
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HEATING POWERS. 






Mo. 


».„..,. 




BnvantWd bj lib or Coil 






FlBt 


E-SXii. 




(lerliard .. 


Beuit 


Lis. 

685 


J^5 


7-26 


7^ 




Do. 


Hdnrich . 


B61 


6-77 


6M 


719 




HeiniU ... 


BWoher 


7-98 


7-71 


8« 


8-22 




Do. . 


Anier 


7(11 


7'SS 


808 


8-88 




UuttWBiler... 


Nsuiner ... 


7'64 


8-07 


800 


8-67 




Do. ... 


BejCT 


7-T3 


7-64 


8-21 


8-00 



Bloweni are olleii tact nith at Wethsweiler and Gerhard. 



A few words moat be said aiyiut a very curious occurrence, tiumely, lli&t 
of the Bo-ailled " Rothe Gebirge" (Red Rock), It consiats ic a iwciiliar 
colouration of the coal-measures due Ui ferric oxide. Red epots appear 
first, which, incrcaeing in number, soon colour the particular stratum in- 
tensely red. One stratum is geacrully affected at a time, the top and 
bottom strata being uoafiected. 

Scams of coal in the neighbourhood of red rock " petriiy and thin 
out; they become irregularly stratiticd, and faults occur. 

X.— LOSS OF LIFE. 
In relation to the output, Iosb of life in the Pnissian part of the coal- 
field compares very favourably fl-ith that in the Westpltalian coal-tiold. 
DikTKB IS 187S Ca«»trLTi)io i-boh AcrtDtxn}. 
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OcTPCT mo NcHBBB OF MiN GvpLorav IV 1S7&. 



c..,-.„» 


scss- 1 ^x>^ 


Oojgj... 


PruBi»n.SmrbrUckeu ,. 
Wcstphali. 


U 22.606 
26U S1.8EZ 


16,431.790 



The prtiportiun of loss of lite U> imtpiit in tons U coiiseiiuently, in : — 

PriwsUn Soarbruckeii > 

WBitphnlia 

The proportion of lose of life to number of men employed is, in— 

SBurbriickun (Pr.) u 1 : 461 

Woilpludia 1 : S93 

The loss of life bo far as men employed is concerned is com 
less at Saarbrucken than in Enjtlond, in which the proportion is a: 
Even the number of ti.>n8 produced per life lost does not compare badly 
Kith that obtained in England, in which it is as 118,730 : 1. 



leijuently 
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Sasr 
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WttUdJ. 
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22,771 


4397,186 


2.130.996 


Pruwian Private 


G 


482 


H0,062 


42,091 


Bavirian 


3 


S63 


146,001 


78,079 


Total 


2 


«» 


B70.103 


172,342 


19 


26.701 


4,902,441 


2,4£3,608 




1. — Kroiipriiix 

a— Gerhard 

8. — Voli der Hajdt 

4. — Dndweiler 

B.— Suliibiich 

e.— Keduti 

7.— H.-aiU 

8.— KOnig- Wellesweiter ... 
9. — FriedrioliBthal-Qiiierachied 

Tulul fur t)nt Iwlf-jtfuv 



118,708 
£45,808 



366,411 
19S,4&7 
106,664 
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XII,— WORK AND WAGES. 

The Prnasian portion wf the w>Fil-fieM being nearly wholly in the 
hands of Che State, it» mtinagcmeut presctite inaoy peculiarities, eBj>ecia])y 
in its relation to labour. 

Nowhere is there so innch done for the moral an<l material welfare of 
the men in the wuy of healthy houses, schooU, societieu fur mntual benefit, 
and others. 

Night and Sunday work has been reinoTcd as far as iJOBsible; the 
former ten to twelve hours day and night BhiflB, having been changed 
eomc time ago for two day shifts of eight hours each, though they are still 
sometimes extended to eleven huura. 

There has, as yet. been no request for reducing the time; on the con- 
trary the men employed on tmrgain wurk often try to prolong tlieir shift 
against the adviee of the offieiule. 

Bargain work is enforced wherever it is feasible. About DO per cent, 
of the men employed at the mines work by bargain. 

Places ai-e let every (inaitcr. A price ia filed on each, and the men 
outbid eath other by smaller offers. 

The wages ore regulated to a certain extent by the existing demand 
and supply of awl. They are altered at the Uoveniment mines in ac- 
cordance with changes in the price of the necessaries of life without euercion 
on the part of the men. 

Sodalislic tendencies have not yet had any influence on the men; 
strikes are as yet unknuwu. 

Until the year 3870 wages rose very gradually, btil after the Franco- 
German war they ruse in an unprecedented manner, owing to the sudden 
development of trade. This rise in wages attained its maximum towards 
the beginning of the year 1874, the wages being then sw per cent, higher 
than in 1870. In the autumn of 1874, a slight retrogression took place, 
which continued all through 1875 and 187f>'. At the end of 1876 the 
wages liad returned u> what they were in the sitring of 1872. This 
reduction in wages luiving taken place very gradually was nut uccom- 
puiied by distress. 

The average wages in 1876 wxtc 6^ per cent, leas than in 1875 — 
15 per cent, more, liowever, than in 1870. 

The following are the average wages for one sliifl uf eight hours, after 
deducting all outlays, excepting lamp oil and new ti>ols: — 
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WORK UNDERGROUND. 



Pivos Work. 



Mending Roada, 

n^cST^'ptoSed. "percent «nployed. 



1869. 
1872. 
1874. 
1876. 
1876. 
1877. 



■. d. 

2 7*2 

3 2*6 
3 7-4 
3 d'9 
3 ]-5 
3 0-7 



1. d. 

2 2-3 

2 7-2 

2 11-0 

2 100 

2 9.0 

2 80 



The average yearly income of workmen enga^ in the above occu- 
pations was, in — 



1869 
1872 
1874 
1875 
1876 
1877 



£ ■. d. 

35 4 3-4 

42 15 11-57 

46 10 4-25 

42 14 0-38 

40 10-76 

38 10 11 



The outlay on lamp oil and new tools has to be deducted. Lamp oil comes 
to 25s. yearly, being about a penny per shift; new tools about 9s. a-year. 

The usual smiths' charges are already deducted in the above calcula- 
tions, tools being sharpened by the collieries. 

Taking these outlays into consideration the average yearly income of a 
workman in 1876 was £88 78. Id.; and deducting the compulsory sub- 
scription to the sick fund, namely, £2 Os. 0*9d., it amounted to £36 6s. 6d. 

This is the average throughout, including putters as well as hewers ; 
the former receive, however, smaller average wages and the latter much 
higher ones. In distributing sums earned by gangs of workmen the pro- 
portion allotted to a hewer is to that allotted to a putter, as 1 : §, or 1 : |, 
or some other fraction. 

Hewers' wages per shift were: — 



1873 




• • • ■ • 












3 8-4 


1874 




• * • • • 1 












3 1014 


1875 




• • • • • 












3 6-43 


1876 




• • • • • 












3 3-9 


1877 




• • • • • 1 












3 3-2 



Beiii^ 7 to 8 per cent, higher than the total average. 
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By taking into nccount tlie wages of all workmen emplojed, both above 
and below ground, we get the following:— 



Total AvmAei Wiou fir Mai 



1871 

vm 

UTS 



1878 



XIII.— SCHOOLS. 
Htarting from the principle that the cduoatinn of the working cUflses 
is of easential importance to the interc«t of the owners, the State, wherever 
acting as sncli, has greatly promoted it by — 

(1) Eleubktary OK National Schools. — In Bome cbbcb defraying 
all expenses which otherwise would have to be incurred by the parish, 

(2) Schools for IVrtheh Improvemknt. — For the pui-pose of 
consolidating the knowledge acquired in elementary schools. Of these 
there wore, attached to the Government mines, in 1874, thirteen, com- 
prising twenty-one separate classes and twenty-six masters. 

Ho, of Otmm. Xo. irf gehalHK 

^chwalUch ... 2 «0 

Luiwiilh*! .. 3 MO 

V. a. Hojdt ... 1 «6 

Dudwrilcr 2 70 

Alteowald 1 „ at 

suubwii ... 1 as 

Klriiitji-iliKiiiwild S 106 

ElrirrmbCTg ., I „. 14 

NcnnkiH-hen ... I 4S 

Wi-llMHoiL-r 1 m 

Wii-I>el>kitc1i«n S ... ... .. ._ m 

Fri.Jriclwtl»l . S „ ... n 

QiikncUled ... 1 _ ao 

Many of these scholars are over sixteen years of age. 

Under the active management of the mining schools referred to belov, 
the course of studies in these schools has been made to corrcapond with 
those taught there, so that scholars can pass readily from one to the other. 

(8) l-inRAuiEB AXD Rbadino R00118 for the further improvement of 
older as wvll as younger men. Lectures are also delivered in them by 
oollioiy officials. 



(4) AssociATiosa op a 8ocui. asd Musir-vr, Chaeaiter. — Under 

this head comea n yearly feativnl, for which th« State granta 3b. por man, 
this ainouute to a sum of over £3,000. (See page 35.) 

(5) A Weekly Pa})er, called the Miner's Frimd, which combineB 
instmction with entertainment. 

(S) Sbwinq and ISDCaTRiAL Schools fnr the daughters of workmen. 
There were twelve of these bc-JiodIb at the eollioriea in 1876, and 2«2 girla 
received inatruction. The cost nf maiiitcnuncc fliaountcd to £450. 

(7) Infant Schools.— There are eleven <.f tliew, attended by 1,300 
children. Cost of luaiiue nance, £588. 

(8) MrnfiNd SoHOOi^.— (rt) Preparatfjry Mining Schools (Steiger and 
Bergvorschule), of which there are three ; one ut Altenkessel, one at 
Dudweiler, and one at Neuukirchen. 

{b) Principal Mining School (HanptbergBchule), of which there Ib 
only one, which is situated in Saarbriickeii. 

Those BchooU supply all under-offieialB, such as deputies, overmen, 
and under- viewers, etc., and furnish a constant supply of educated as well 
aa practical officials. 

Scholars of Preparatory Schools have to keep themselves ) they do not 
receive any money jrrant. The hours of work in school are — in summer, 
from 7 A.M. to 11 A.M.: and in winter, from 8 a.m. till 12 A.M.; the 
afternoon is reserved for underground labour. Each scholar makes a daily 
ahifl of BIX hours. Once a fortiirglit, on Saturday altemonns, they have 
two hours surveying. If not living at home a scholar spends from £1 
168. to £2 5b. for food and clothing monthly, whilst his average monthly 
wages come to from £i lOs. to £3. The course lasts a year and a half. 
Scholars of the Principal School have no time to earn their bread ; they 
have to board either in Saarbrucken or in St. Johaun. They receive a 
monthly allowance of £2 88., and in a lew cases extraordinary assiBtance. 
The hours of work are fnim 8 to 12, and from a to 4 every day. 

A Snrveyor'a Class has been started since 1876 in connection with 
this school, so aa to enable students to quality tor the Surveyors' State 
Examination. The surveying class takes up twelve hours weekly ; 
Mondays and Tuesdap I'rom 8 till 12. and Saturdays from 2 till 6; 
practical underground surveying takes up the rest of the time^n class 
days only four hours, and on other days eight hours. At the i-nd of each 
coiirse an examination takes place at each school. 

The <)ualifications for entranL'e into Preparatory Schools are; — 

(1) Not less tlian one year's underground esp^^rieuce. 

(2) Conduct during that time must have been blametess. 
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(3) A certificaUi of attendance at the national Buhool. 

(4) A oertiticate of attendance at the schools for further improvement.' 

(5) A statement of occupation since leaving sdiool and entering pit. 
(C) A doctor's certificate as to perfect bodily fitnees for mining duties. 
The fiualifications for entrance into the Principal School are : — 

(1) Certificate of successful attendance at a Preparatory School, or 

poBseasion of equivalent araonnt of knowledge. 

(2) Certificate of work and good behaviour. 

(8) Special certificate from the manager of the colliery at which he 
bad been working as to practicul capability. 

(4) The candidate must have performed his military dnties, or muat 
be eierapt from them. 

Written Htatements must be handed in. 

In 187R, 149 candidates ivent in for the entrance examinationa at the 
Preparatory Schools; out of these only ."ifl entered. In 1877, the total 
number of Beholiirs was 3(S, namely, 12 in each school. This diminution 
in numbers was uwiuf{ to a raised standard of examination, re<)airiug 
greater si'ientific knowledge aud phj-sical fitness, on account uf the great 
nntnber of old students waiting for situations. Twelve candidates were 
allowed to enter the Principal School. As on c2i«ption, several of these 
had not quite performed their military duties which wen- completed at the 
end of the course. 

The snneying class, which liegun in ]iii7C, commenced with two stu- 
dents, who were old siTholnrs from the Principal i^ehool. 

Of 71 studcnls who attended the above schools in 187(>-77 — 
18 wwe Bmi of uniU-r.ofHciBlt. 



The age on entering varied from seventeen to twenty-six. 

The average time spent in underground labour l>efore entering the 
schools was, in the case of the preparatory studentA two yean and nine 
months, and five yearn and three months in that of the principal 
■tndents. The time varied fi^ni one to six and a half years. ir> had 
perfi>niicd militJiry duties, 5 were exemiit, 50 hml still to serve, or were 
nnccrtain almut it. Of then.' 71 students, two liavc died, and CO have 
completed the course. 

It has to lie remarked that very few of these scholars cany on their 
Htudie* when mtcc started in life, and must necessarily forget must of 
what they have iciinied ; (he influence of the training, however, (.-annot 
be lust. 
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Each student, until he has got a situation, maat everj quarter produce 
a written composttiuu. The theme, nhiuh is given by the authorities, 
relates as a rule to some underground subject, They are well looked 
over, and returned corrceted with oleervatioiia attached. In some cases 
they have to be re-wurked. Although the one and a half year's course at 
the preparatory schools Bt:cius short, yet it does not seem advisable to 
extend it to two years. The small number of students makes the 
teaching very thorough, and allows of tcacliiug in less time. 

XIV.— THE VEAItLV FESTIVAL. 

Being at Saarbriiekeu at the time of the yearly festival, the WTiter 
availed himself of the opportunity of obser«ng it at Von der Heydt Colliery. 
Each colliery entertains ite own men. Small mortal's were fired at intervals 
all the morning. At nine o'clock the miners hugan to assemble in their 
peculiar gala dress, resembling a uniform. At ten o'clock, headed hy all 
the officials and accompanied by tbeir bands, they marched to their differ- 
ent churches. After re-assembling, and this time accompanied by women 
and children, they proceeded in procession through the rillage, which was 
well decorated with flags, U) the new ivell laid-out grounds of entertain- 
ment, which were also gorgeously decorated. Inscriptions, such as, " Wel- 
come to the Happy Feuat," " May Mining Prosper," and the old German 
salutation, " Gliick auf," of whidi a translation is impossible, were to be 
wen. 

The procession was here received and addressed by the manager, Herr 
von Amnion, whose guest the nnriter was. After the first toast had been 
proposed to their Emperor King, the people, to the number of 2,000, all 
sat down to tables and seats fixed in the ground, and partook of a 
copious repast, at which much beer was consumed, the bands playing 
meanwhile. After this, the younger meiiil)era eonuncnced dancing, the 
officials joined, and older men also indulged. There were whirligigs and 
other entertainments for children. At five o'clock the manager handed 
over silver watches to the five oldest miners in recognition of their faithful 
services. The feast came to a successful endiug at seven o'clock. 

This yearly re-uuion of officials and men is productive of much mutual 
good understanding. It helps to strengthen that bond of unity which 
should exist between employers and men. 

XV.— DWELLINUS. 

The settlement of the men at the Government Works is greatly pro- 
I- moted. For this purpose the colliery eithei' (Ij builds the cottages 
* ftnd lets them to the men ; (2) builds the cottages and sells them to 
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picked men ; (H) the men build their cottages and the colliery ad- 
vaTifca money, gives premiums and procures the site; or (4) the men 
build their nottagee, and the colliery udrances money without procnring 
a site. 

Tlje latter mctliod has been mostly adopted, the first one is comiog in 
To^e; it WHB tirst adopted during a sudden influx of men. 

The money for preminma or advance ib given partly by the State and 
partly by the Mutual Beneht Societies which are imder State control, 
Advances amount t^i nlxiut £22 per cottage at 4 per cent, interest, 5b. tu 
6s. having to be paid back monlhly. Colliery villages have also been 
started nearer the pita. 

As the men did not take to these rows at first, indncements had to be 
held out, such as advance without interest and more preraiiims. Bnt 
even then the colliery has had to build the honsea and let them. 

Large dormitories (Schlaffhiinser) have been erected at the largest 
collieries for the convenience of men living at a distance. The dormitory 
at Tun der Heydt, which the writer inspected, presented more the ap- 
pearance of barracks with room for SOO men ; and the smartness, order, 
and cleanlinesa with which everything was carried on, cannot be too 
highly spoken nf. These dormitories are supplied with eitcnsive kitclien 
arrangements, meals being provided at very moderate prices. There are 
reading-rooms and sitting-rooms. These houses ore much used by single 

XVI.— NUMBER OP MEN EMPLOYED. 

NncBBB or MiM Emplotkd at rut oirTsaEicT OorKBKMRxr l'olubmim iiitriiiq 

TUN PiMT ILuj>-Ykah op 1877. 

1. — Krunprini .,, 1,677 

a.— Omluud J,7a8 

i.— r. d. H«7dt „ J480 

4.— DndwailcT J,176 

5.— SaUb«K!h ... ... ... ... - g,*7U 

8.— Bedeu £.7*0 

7.— HduiU ... 3i!*7 

6.— K6nig-WdU>wtiler . 2.030 

v.— Fhadricluthml qalcnchini . l,iu 

At llw i.H,UUria ... SlJiU 

10.— WtigbiiMi'i Dcinitawut 9 

IL— AtdMSurbiUclwnCuulomcv U7 

U,6M 
HQn(ikc«Fct« ... SCS 

T.iUl <m|>l>.<nl 2£.S1U 
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Of these, 18,742 were emplojed nnderground and 3,519 at bank. Amongst 
the latter about 400 were between sixteen and eighteen years of age. 

Undbb-Officials. 

18 Under-viewen (Obenteiger). 

13 Engineon (Mascliinen werkineuter). 
2 Coke and Qas Iiispecton. 

9 Foremen Masons (Bauwcrk meister). 
20 Ovennen (Fahrstcig^r). 
37 Inspectors (at bank). 
12 Engine and Smith Foremen. 
202 Deputies (Qrubensteiger). 
35 Weighmen. 
44 Collier}' Watchmen. 

14 Dormitory Keepers. 
6 Roads Watchmen. 

412 OfBciaU. 

Besides 58 Inspectors about the collieries. 

Number of horses employed, about GOO. 

One-fifth of the men occupied dormitories. 

The number of women and children was about 49,000. 



XVII.— INDICTABLE CRIMES. 
Miners Sentenced in 1876 and 1877. 



1. — For theft, fraud, etc 

2. — Immorality 

3.— ~3IurQer ... ... ... . . . 

4. — Wounding and Assault 

5. — Slander, false accusation 

6. — Breaking Rules 

7. — Disturbing tlie Peace, Misdemeanour 

X \Jwl»J ••• ••• ••• 



1876. 


1877 


53 


26 


4 


14 


5 


1 


102 


174 


36 


61 


20 


19 


88 


59 



258 



354 



NuMBEB OF Men Sentenced peb 1,000. 



In 1873 
1874 
1876 
1876 
1877 



7-5 

90 

8*4 

111 

15-7 



This increase is partly to be attributed to the greater enforcement of the 
law, and partly to a spirit of insubordination and dissatisfaction which has 
lately prevailed in the whole of Germany, greatly fomented by socialistic 
tendencies. 



TUK OAAOBBUGICSN COM^-VIBLD. 



UlMIBS SiNTIKCRD — TlSDUTID IN UBOABD T< 



Under 20 .voani IM 12-4 

Vtx>w 30 to 25 „ 15-0 80-1 

„ BUtoSO 10-i 13-3 

„ 81 tniCl „ 7'6 8-5 

Over lOjaaa 7* 83 

Bhowing that the yoauger, unmarried men are those who get niusL into 
trouble. 

XVIII.— MODE OF WORKING. 
For a long time the unly method of working wbs by board and pillar 
(Pfeilerbaii), of which three varieties are diBtiDgiiishud according to the 
direction in which the boards are driven — 



1. — Fullj to the rino 

2.— IK«gou»Uy (or oroM-out *»y») to the ri 

S. — III k horixonUl direction 



(scliwoberid) 

(diigoiml) 

(■treiclicnd) 



The direction in which the boards are cb-iveu ia not necessitated bjr the 
preponderance of the cleat in one direction as it is in England) for the 
so-called " cleat" is unknown, and " backs" occur rai'ely. 

Lo»owjj,i, (Strcbbau) was tirst introduced iu 18(i4, and baa proved 
very satialacUiry, enabling some seams t<i be worked which formerly were 
considered unworkable, and prodncing cleaner coals out of others. 

As in board and pillar, so in long-wall, three varieties are distinguished 
according to the direction in which the face is advancing. 

BOAItD AND PILLAR. 

I. — RcHWEBKMDKR PPKiLEBBA u. — Plate VI., Fig. 1, shows this Variety 
of boardand pillar iw adopted in the Beuetseam at Gerliard Colliery. The 
boardsare driven t^i the rise with a breadth of 34 leet, leaviug pillars 46 
yards broad between thcin. The seam ia o\'er 1 3 fi«t Chick, and lius about 
S feet of bands. These are stowed away in tlic middle of the boards, thereby 
forming a travelling road on the right and an inclined ]j]anc on the ted. 
As soon w> the boundary is reached, UHs 9 to 11 yards in bremltli are 
takeji off. In this way half a pillar is worked off from each Ixiaid by 
consecutive lifts. 

2.— DudO-VALKK PFKiLBftUAU.— Plate VI,. Fig. 2, will explain tbis 
variety of board and [lillar. It is very well devclojted at KuMrbriicketi, and 
invariably adopted in seams with a di]i cif nuL mure than 13 inches in the 
yuxl, and not mntainiiig much gas. 



The biiiirds are etarted friim the lower level with a breadth of 5 feet. 
At a distance of :?5 feet from this level they asenme a ranch greater breadth. 
Headways are driven for ventilation. The pillars are removed either in 
longalicxB parallel to the directiuu of the boards, or iu short sliocs at right 
angles to the boards. The former method is employeil when the roof is 
good and the seams not too thick; the latter in thiLik seams, and when the 
roof is bad. 

'I'he districts have to be kept as isolated from each other as posible 
because of the frequent occnrrence of fires. Pillars A A are therefore left 
nnperforated. 

3. — .Stheichexder Pfeilerbac. — Plate VII., which is a copy taken 
from the plan of the Bliicher seam at Sulzbnch Colliery, will explain this 
vaiiety. The Bliicher Beam, which is from 10 to 12 feet thick, and con- 
tains no bands at thia colliery, has an inclination of aljout 40 degrees. 
Levelahavea vertical distanceofaiO feet, one from the other. The portion 
of coal lying between two levels is worked from the lower level by driving 
boards and headways as in England. The block wliich is to be worked 
IB made from 220 to 325 yards long. The upper blocks are worked first. 



LONG- WALL. 

1. — ScHWEBENDEK STUEBitii-. — This IS much employed. At the 

Gerhard Colliery the Carl and the Marie seams are worked by it. The Carl 

seam is 3 feet I inch thick, and contains no bands; the roof is bad and gas 

iB rare. The Marie seam is 5 feet 3 inches thick, and has three bands, which 

amount to a thickness of I foot 2 inches. The inclination of both seams 

is 6 inches in the yard. Plate VIII. shows this variety, as seen in the 

Carl seam. It reaemblcs the ordinary long-wail. The gob-roads, which are 

totted up into inclined planes, are 82 Ibet apart. These are self-acting, 

e full tnbs pulling up the empty tubs in their dest-ent. There are fonr 

if rail. Two or" three feet of roof are shot down in the gob-roads, and 

e stones ho got are used for packing the woUe. This is carefully done, 

miKai the remainder is thrown between the pack-walls; chocks are also used. 

K^de coal is blasted in the ordinar}' manner during the day, whilst packing 

■•ndshootingdon'Ti theroof is doneby anightsliiil. The face of work was 

Pfcrmerly kept entire and assumed a great length; the present step-like 

arrangement, with stalls twenty-seven yards long, distributes the pressure 

better. Two rows of props, alternately placed, ai'e used to support the roof. 

The blocks do not exceed 140 yards in length. This variety of long-wall has 

produced a better ventilation and more round coul than board and pillar. 

2. — STREtTHENDER Strbbbau. — This variety of long-wall has been 

adopted In the Max seam at Gerhard Colliery. The Max seam haa an 
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incliiintion of 14 iiichos in the yard, and gives out much gns, eepeciaUy 
from the njof. Two mads are firat driven to tin- riac, one of ivlik'h 
becomes ad inclined plane. From tbem the work ia started in a horizontal 
direction, oe shown in Plate IX, Gob-roads are left every 65 feet. Owing 
to a limited enpply of stowing material the pack-walls are made C> feet 
broad, and chocks are placed alternately behind them. The face Hssames 
a step-like appearance, the npper st:ills being started first. The upper 
breadth is kept a little ahead so as to allow the roof to seltle on to the 
psck-wulls before the lower breadth is started. The blocks do not exceed 
140 yards in length. Pillars (A) of coal are left above and below to snppoi't 
the roads. Other varieties of long-wall have been tried in the Max seam, 
but none have answered so well as the one deBcril»e<l. The inclined plane 
resembles that described by Mr. Gallowwy.* The frame is made t<t stop 
at different levels. It conveys only one tub at a time (10 civts.), but is 
kept constantly going. 

XIX-SUllVKVING. 
Surveys are made by certificated surveyors, of which there are thirteen 
in this district. Certificated surveyors only may be employed. 

Candidates for the surveyor's certificate have to pass an examination 
in the following subjects : — mathematica, geometry, mechanfca, physics, 
geology, mining law, survey in all its branches, matheraaticul and ])hysical 
gccgrnphy, mining, minaralogy; and they must, iu addition, make n large 
anrvey. 

The plac«8 at which to quality for this mamination are the Mining 
Academies cif Germany, of which there arc several. The coarse extends 
over three years. 

The law relative to underground anrvoying goes greatly into detail, 
much importauL-e being attached to it for reasons of safety as well as 
economy. 

The instruments emjiloyi-d for surveying arc the theodolite, of which 
there are many kinds, the goniometer, and the dial. 

The form of dial in use is what is culled the "mispended dial" (Hitnge 
compass). It consists of — 

1.— The di/il (wmiMWS. Fig. 1, Plate X.), wliich is dirided into SflO 

degrees fhtin light to led. 

2. — Tlie/rnnw (Hjingezeug, Fig, 3). It oiTisists of an arc B and a 

circle C, at right angles to each other. The arc is one mille- 

roetre thick and fifteen millemetres broad. Llooks, A A, arc lor 

f the instrument to a string. The circle ia half as 

•ctinu. VO. XXVll.. ftg, m. 
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broad and twice as thick as the arc; it la joined to the an &a 
ahown in Fig. 2 ; nnd is moveable around the axis E B, bat only 
BO far aa the wings, F F, will allow. At D D, which are in line 
at rig;ht angles to E E, are two small projectiuns which lit into 
coiresponding depressionB (A A, Fig. 1) in tlie dial ; the latter 
are situated in the P>.W. line. By tliis means the dial will 
assaine a horizontal direction, at what<?vi;r angla the string 
may be draini. This result would, of course, iileo be achieved 
if the circle was fixed U) the arc. 
The survey is made as follows : — A fltring is tightly fastened lo props 
or any other pieces of wood, or even to the rock itaelf, by means of screws 
(Figs. 3 and 4). The distance between two screws ought not to exceed 
sixteen metres. By susjiending the dial in the centre of the string, the 
bearing will be obtained. The vertical angle is then dotennined by suspen- 
ding a plumbob (Fig. 5) to the string. Should the vortical angle be great, 
the instrnment and plumbob are kqit in their place by riders (Fig. G). 
The string is measured by means of a light chain ten metres long, having 
five links to a metre; wooden riders (Fig. 7) are naed for marking off 
lengths on the string. The vertical height, «x well as the horizontal 
distance of each point, can in this way be very accurately ascertained. 

Having made many surveys with this instrument, the writer has satis- 
fied himself as to its suitability, and, in cases in which legs cannot be fixed, 
its superiority to other dial arrangemcnte. Should ferruginous suhstaBces 
be present, any error arising iroiu such a cause will be avoided by 
taking the bearing twice, once at each end of the string. Should the 
needle be deflected at the end of one length, the same deflection will take 
place at the beginning of the next length, and thedifttTence between both 
readings will give the actual angle which one length of string makes with 
the other. Still greater exactness can be obtained by fixing the lengths 
of string as shown on plan in Fig. 8, where the dial ia suspended on one 
sngth of string immediately below or above the preceding length. 
■"Whatever the deflection of the needle may be, the true angle formed by 
' Qie tn'o lengths nill be ascertained. 

Under the terra "goniometer," is meant an instrument resembling a 
theodolite, but less cumbersome. The principle is almost the same aa 
(hat of our " fixed needle " dial. It carries a telescope. 

XX.~tOST OF PRODUCTION AND PRICES. 

' The cost of production is high, averaging 6s. per ton. This must 
be due not only to the great diflUcultiee encountered in working bnt also 
to a want of competition. 




THE SAARHRiicKEN COAL-FIELD. 



Tnn Pbices mi 

Oeriivd 
V. d. Hejdt 
Redcn... 
DailweileT > 
Hduitx I 
Snlihnch \ 
AltEiiwikltl I 



Uwl")'. 



XXI.— COKE. 



.^Uthougli the coal ia not particularly Bnitabie for coliing, the prwlnftiou 
of c«ki! IiiiB lately much incrtnsed. CVikiiig was first intrfxiuetd in 1»20, 
but has been carried on on a larger scule only Bince 1842. 

The pRxluction wnfi iii — 
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Tan 



334,610 
231,906 

S64.126 

«1,7« 



The half iif this qnantity is TOHBiimed in the cwil-ticld itac^lfat iruiiworks. 



The coke-avciia are rectangular: cual is introdnccd from above; aiit] 
the coke forced out by rams. Tiic ct>ul has to be washed befure it is fit 
for ooking. 

The coal-waahing machine raiist in nee is that of Siever and Co. The 
coal is lint Kcreened (geriitt«d), utlor which it is broken up (gewaltzt), 
and then passed through sieves of 4, 13, and 1 7 millimetres iu diamet«r. 
Bach portion is then washeil sepamtely; uftern'unls reunited, dried, and 
(^und up (gemahlen) again ; after whieli it is ready for the ovens. 

The result of eiperimtoits at Dndwciler gives a percentage of cuke nf 
from 6& to GG. 

XXn.- IKON WORKS. 

There are thirteen ironworks, partly in PruBsia and partly in Bavaria, 
which produce about 100,000 tons of pig iron per unnuni. The Krcs 
worked are: — Clay -ironstone, or spharosidcrit^, which occurs in about a 
himdred dilTercut seamsi tJien miiiettt^ Prom Luiemburg and Lorruine, 
and hajmatitc fVoin the Luhn. 

XXIlI.-COSSUMPnoN OP COAL IN TUE COAL-FIKI.II ITSELF. 
The home oonsuniption is lew iu tlic Saorbrucken uud-field Uian iu uiy 
other coaUlicld in Geruumy, 
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Tlie bitme couaumptioD in 1871 was in the— 

8«»rbrnckenci»I-(lcld 

Westpli«liaii... 

Wnldeuborg,,. 



Aii.la.Clmp«Ue ... 

The home consumption at Bawbriickeu was in— 

1860 

1862 



Ttmi. 
4S1,6U 
4gJ/Ol 
B74,18S 
767,8M 



XXIV,— LIMITS OF EXI'OItTATIUS. 

The Moselle and the Maine form the northern limit, beyond these 
rivers the Westphalian coal predominatcB. To the cast, Schweinfurt, 
Niirenberg, and Munich, are the extreme points to which Saarbriicken 
coal reaches, At these points it has to compete with coal from Zwickau, 
PiUen, Miesbach, and brown coal from Bohemia, 

The Bouthem limit estt-nds very fiir owing to abseDce of coal in the 
Alps, in the southern part of Germany, and in the adjoining parts of 
Franw. 

The greater part of the coal consnmed by the Brenner railway, in 1 871, 
was from Saarbriicken ; bo, also, the coal consamed in the Vorai-lberg, at 
Chur, Glarns, Locle, Lansamie, and Geneva. There ia no doubt that on 
completion of the St. Gothard niilway, the Saarbrucken coal will Bnd its 
way into upper Italy, 

XXV.— AIR COMPRESSORS. 

Though much has already appeared about these compressors in English 
papers, a passing notice cannot ht withheld here. They are constructed 
on the principle adopted by Sommcillcr, at the Mont Cenis tunnel, but 
with improvementa of detail; and snpply engines underground with com- 
pressed air. 

The principle consists in preventing the heating of the air and avoiding 
a clearance spat*, by interposing a column of water between the piston 
and the air to be compressed. There are two or more of the oompressors 
at nearly evety coUieryi they give good results. 
XXVI.— SHAFTS. 

The foUowing Tables, and Plates XI., XII,, XIII., and XIT., give 
a comprehensive view of all matters relative to the construction of the pit 
shafts of Saarbrucken. The shafts are enumerated, and whatever infor- 
mation could be obtained about them is appended : — 




4 



THE flAABBBUOEEET C»AL~FISU). 



ill 



m 






m 










iS §51 5 BIS SSH 






ltd 



'I 
Si! 

i 

! 1 

Uv 



II' 



m 



THB SAAHBRUPKEN COAL-FIELD. 



ill 
sis 
|r 



Hi 



Hi 



<iPi 



l^H. 



as^si 



S d B,o^|; 






|||^||||||||||l|||f5l«i.,^, 
; a Jfj ' i - ; i-'ls ° "ll- "-la'^ls" ^ i 

T! J o ,*■. 2 ^ — C" ■" S s _ HI'S t; ■ Q-- S tt> .- « .. — 

2s l-s 3|sl|Sl slEsltssslllllllll 



:i 




ill 
ill 

ip 
111 

ill 
III 

la 

-f1 
til 



n 



ill 



^ * 

II 

IiIj 

III! 
■ sit 



THE 8AABBBU0KEN OOAL-FIELD. 



m 






Hi 




ill. 



n 



I I ? s it 



I J I 



I 

!1 

II. 
lis 
11! 
li" 

ill 

If 

Pi 

111 
hi 
'!* 
ill 

•ii 






= 8 



ll ^H L I 



=-13? 



|-a.gag»-|ii.5 3 8 



IL IS 






! 

! 
i 

t 

i'l 

I 



1 


■ 




THE ItAAKBRitPKEN OOAL-nELD. 


47 




i 
\ 

H 

O 
H 

■< 

7 

Q 
Q 
_1. 


lii 


; 


; 


ill 

1 

ill 
1 . 

Jp 

1 
1 

C 

i 
ill 

1 

i 
i 


111 


piil liiipii; 


JO-»KI*»°I 

i 


■ I 2- ; 1 




: : liT: : 




1 


1 


■h 


■ i S : ■: 








_M 


S 


s s s 


IS 


Illlllll 1 fll 


iA 


1 


1 


1 ifi i 


-i(«aa«iM 

■Jt-O-diW 

1 


" 


- „ ; 


" 


• .. =, 1 


8" 

III 
III 


. P liiiniiiii 


IN 


2 


h mm 


iij'i 


i3 


sfi i^i 111 


i 
1 


o 
V; 

1 


i i 




■ 




1 



THK BAJJlBEfiOKEK 00*I^FlBLD. 



m 



ul 



Ml 



IH 



m 



ill 
m 



•Sills 1-2 S 

Ins nil I 



15 



''J 

ill 
m 



pi 



Ml I 



;i 



-jli 

8 * f * 
"III 

m 



ii 

ill! 



THK BAAUBRiiPKBN OOAI.-FIELD. 



1 

J 


Is ; ■; ' li' 




tO' 


1 






m 


i 

5 


"7 

f 

M 

h 

o 

1 ^ 

1 ' 

T - 

1 '- 

1 


!?S? 2 i 2 ! 1 






1 


ft ^ ^ f ^ ^ 

if ; K ; 


1 
t 

1 


S S i 8 ■ ^ 


£ 


1 1 ^ Hi' U ' 

M ir Bi ^ 111 


1 

i 
1 


;^ S S g ; S 


g 


g 


1 P^ 1 , n 


m 
m 


1 
s 


1 

1 


•II 1 1 1 ■: i 


2 


1 


1 

.9 


.,„»=. i : ; 


«»- 


"•■ 


1 


dma - — 


- 


- 




:h iniii. I ill 


-1 

1 
I- 


.3" 


3 

1 

i 


1 


S 1 : ii 13 


u 




II 


N II ^ H H ^ 


p 


gs 


1! 




M ^ ^ Hi 
^ i 1 Piti 


3^' 
If 


K^ 


i 






m 
1^ 



rll! 



HI 



\i 






= J |S1 . 






£•= /^ii -III ^ 

I^S » 5-si I is 



77i 






jii^|yiHii|i 

IJllllllllillfl 



"3 — 

el 



silt 



ll U II 



THB BAABBRilCEBH OOAL-nSLD. 



!3|l 



fi 



141 



I $ 






s I s s' . 

itll '' 



o 'PS'OwiioJ" ti^ S ^ "5 'O i "2 "S : 
*■ c e ^ c ► n S * £ ^ C t S 

.5 "'f i.|;4-5-|5.1r=J • 



!£•: 






n-i 



s-i«rs 



THX SAABBBiiCKZR COAL-nSLD. 



L 



I 

ti 

H 

S 

M 
* 

i 

H 

a 
u 

Si 


is 








1 
1 

! 
1 
J 

1 

A 
I 

•4 

i 

1 
t 


III 






■srs' 




.J 

s 
g 

u 

B 
1 


g g 1 a 


f4 




All ^ il 

if ij ■ ^ V- 
i ' 1 


t 


Ed 






It ^ if 


1 


ft. 

r 


s 


• s a 




: ! Win! 


Ml 


1 


1 1 1 


^fi-a^fix 




" « 


1 

1 




- 


ml- 




IN 


' 




^ ^ III 


Hi'i 






11 m il 

i. i i 


< 1 <: 

j 1 


■1 


■ 










^fl 



ISB&OKBir OOMr-TntLD. 



HI 



ftp 



I 



Ml 




MM 






lirlir 



lljiiqij IF ^ IF^IF 



1 1 
J I 



s -- §Vg-s 

.5 J £g S I 3 

Sit = I is» 



Hi 



;iit; 






- «i ^ 3 : 

= " -c 5 ^ d J 



ill I 



s 



U s 



ili % |i Is 5 



I i ^i 1 
I l! Ill 



m 



lift 
ftp 



THK HAAHHItiiCKBK <'nAli>nKIJ>. 



SI 

'II 



1 1 1.1 



^O . .-On a 

His iiflB 



Hi 



all ||,- ||-f^2! 






&"■»=■= S'^ 






1 :>r, 


THE BAAaBBUCKEN COAL-FIELD. 


1 


1 TOTAL TUKKNESS OF STRATA IN THE UPPER GltOIT- 


WKST. 1 




8RCTI0N 1. 


1 


a..^^.. 


y*Ha or SiiMi AKD itiniKi or Bixu 
iHnimsiNU Btkxti. Ft. In, 


Fn-, Ft IB. 


Kbohfhinz 
CoLLiKnr. 




,13 4 


CoAL-KnamhoUSenm 1 3 


.. 171 4 
..134 




tkiid^toiie «iid «Ule 


,, lis 




Coal— SaunNo.1 2 7 


10 6 


HomttUBXCa 


COAL-Sonm No. B ... ... 9 


,, 45 4 
3 * 


Colli iiKT. 




.. 20 4 J 




Coal— Otto Scam 6 


2 4 




Sh^o uid Muditone 


..436 




"CoAl^EmilSHiiii 


1 S 






.. 2i G 1 




C'OAi,— 8M1I1 X». 1 (AlvcnnlcWn. Piilvtimuch) 8 


t ID 




Sluili. 


1 II 




Coai-S.-«ihN.i. 2 3 4 


1 1 3 


GKlBLirTHRN 

Colli NNT. 


N>t1ir(rtiliklii)«l> 


-. Bl 3 } 


C ■*l-SBira No. 8 10 


3 11 1 


Slmlo »iid «iid«tnne 


.. 11 S 8 J 




CoAL-Bulo* S«iin. No. ■* 2 1 


.110 1 




Sl«lc »nd •i.d.tone 


.436 1 




Coal— He«ro No, B ... ... .. 2 


2 & 1 




SIulIc uid utiilitone 


. 6 B 2 1 




Co.i.-Mi.K-km.imSomi.No.6 1 7 


4 6 1 




Toul 2 3 


,,466 8 




H«m» 


.. 10 2 B 




U«ml 

COAI. 


2 8 
7 B 5 


ToTAl. ■ 


iiicK.vuss (IK STRATA IX THK ri'PKU r.mnv 


KAST 




SECTION a. 




'""" 


Kun at «iuiu •■n»*Tv»» or Bi«i. 
Coil 


FttA Fl In 


^^^^^ 




SO 3 8 


^^^^1 


Coikh 




^^^^P 




8 1 


^^" BCDU 


COAl 




r CoLUnr. 




9 GU 


1 


Coal 


I 110 1 


^^^_ 




22 B * J 


^^^L 


Coal— M In. Sewn 2 4 


1 Oil 1 


^^^M 


8h>le and wiHUtooa 


90Z 1 


k. 


Ckrri«iror-wl r~i 


i^ 



THB SAAIIllRlkKKX rOAI^FIKIJ), 



TOTAL THICKNESS OF STRATA IN THE UPPER GROUP— EAST.— COHTIITOID. 
SBCTION 2. 



■ IsriniTEKiiiu an 


uii. 


n li 


niM.Pt.iiL 




Bniusht forward 


2 4 


. BB 


11 


CoAi^Upper iwHon of Heaigenwald Soun 


1 




6 B 


Shde 






. 1 


10 




2 2 


1 


G 6 


Thick bed -t confrlomei 


rale 




. 28 


G 4 


CoAl^Alexmnder Seaui III 




1 4 




6 8 


Sh«U. 







. 1 


10 


Ci>*i.-AlM.viiciirS(«mII. 




9 . 




6 6 


ShJe 






1 


10 


CoAi^Aleiwidcr 8e»m I. 








8 


8h«le 






1 


10 




1 . 


1 


3 8 


ShAlo 






. 8 


1 9 






10 . 


1 


10 


Sljftle 






4 


8 6 


Coal 








1 8 


Shkle 






. 8 


1 


Coal 









1 6 


Sh»le 






. 1 


10 


CoAi/— Alexander Seam 




8 . 




6 11 








. 17 


1 


COki^-Sophie Seam ... 




8 . 


. 1 


a 7 


Shale 






1 


10 


CoAt-Jacob Seam ... 





I 9 . 


1 





Shftle 






1 


10 


Coal (ver; inferior at R«deii) 


8 8 . 


2 


8 S 


Shale 









8 6 


Coal 








1 9 


Shate 






. 1 





Coal— Leopold Seam ... 




2 . 




8 3 


Shale and «md>tone 







. 6 


6 8 


Coal 




1 w . 




8 6 


Shale 






. 2 


1 • 


Coal 




5 . 




2 7 


Shale 






1 


10 


Coal 




2 . 




1 11 


Sandiitone and ihale 






8 


1 


Coai^-36 in. Seam ... 




1 2 




4 8 








. 8 


1 


CO.<L 




2 . 




I 4 


Saiidatone, Khale, and 


i bed of conglo- 








merate ... 






. 14 


e 8 


Coal— 35 in. Scam ... 




1 10 . 




4 10 


Sanditoue, sbalc, and 


» bed of conglo- 








merate 


Carried forward 


8 2 7 


. 16 


1 




^ 


i 6 



r^ 


HHH 


■ 


TOTAL THICKXKSS OF STRATA IN THE L-PPER GROi;P-KAyT. 


-CoBTlllFiB. 




SECTION 2. 




B.™o, 


NxHBt or SiiUB tyiB ITunu or Biwp. 
lKTikv»»u aratTL FH. Fl In 


n>« Ft. lu. 




Bmnglil forwuri 3 2 7 


229 1 & 


^^^^ 


I'OIL 4 


i 


^^^L 


SWf 


... 11 2 8 


^^^H 


COAl-— 37 ill. S>!»iii 1 


S 3 


^^^H 


Shale 


..219 


^^^H 


Coal 2 8 


10 9 


^^^H 


Lirge fanlt in iwiijflomcmle ... ... 


., 17 1 


^^^P 


CoiL 2 7 


... 1 1 n 


^ RlDM 

COLLIUT. 


Shale and UJitUtoi-c 

Coal 1 

Slialc and »aiid«l«iie 


., 2 18 

4 8 

... 23 5 4 






... ISO 






. 34 1 




Coal ... 4 


2 1 






. . 11 2 8 




COAI^-Meam Nn, 9 1 


4 




Stmlv aii'l RurHbtoiif 


fl U 




Coal— S(«in No. 8 ^ 6 


4 




L Shale and •andotone 


... 11 2 8 




'Co*w8«mN^7 6 


8 11 




t!haU and wulntoiiD 


.544 




COAl^Seaui X... 6 ... 16 


B 11 






,. 84' 2 




CoAi-Smii Xo. 8 ,10 


8 It 






... » 




Co*l,-So«n Nn. * 1 


SO 


Ik ZnnwALD 
NiioHBorii' 


Colt—Sffam Nil. a 


... USB 
4 1 


^^aiidxt-Hio and fliak' 

COAL-Seam No, 2 11 

Sai>diU.iio aiid ihale 


. IS 8 6 
D « 

... 10 1 9 




Coal— Smm N", 1 6 


2 10 






. £S B « 






... 10 1 






... SO 8 7 






2 7 






.,. 8 S S 




.CoALalX^uiikinTWii 


1 9 




T>.tal :.6 S S 


... «7 4 


1 


Srma 


.« as 1 • 


^^^^^^^^t 


Band 


B 6 t 


^^^^^B 


COAI. 


■ » « « 


^^ 


^ 



THE HAABBRiiCKEN COAL-FIELD. 



69 



TOTAL THICKNESS OF STRATA IN THE UPPER MIDDLE GROUP- 
WEST.— SECTION 3. 



SsonoH 

AT 


Kaxes or SKAiit AND Naturb or 
IiTTUivxKiivG Strata. 


Band. 
Ft. In. 


Fms. Ft In. 




f CoAi^-«) in. Seam 






3 6 




Sandstone and shale 




... 45 


4 7 




Coal— 23 in. Seam 






1 11 




Sandstone and shale 




... 6 


5 2 


Okbhabd 
collibby. 


Coal — Heinrich Seam 

Sandstone and shale 

Coal— Carl Seam 


3 


1 
3 


5 

2 7 

3 1 




Shale and conji^lomerate 




... 13 


4 6 




Coal— Traugott Seam 


2 11 . 


1 


1 7 




Shale, conglomerate, and sandstone 




3 


2 7 




Coal — Marie Seam 


10 




5 3 




Sandstone and conglomerate 




... 6 


5 3 




C^OAL ... ... ... ... 






1 9 




Sandstone and conglomerate 




... 3 


2 7 




Coal 


8 




2 9 


Von dbb 
Hbydt \ 


Sandstone and conglomerate 

V/OAL ... ... ... ... ... 




.. 14 


6 3 
1 9 


COLLIBBT. 


Sandstone and conglomerate 




.. 16 


1 




Coal — Beust Seam 


2 9. 


... 2 


3 




Sandstone, conglomerate, and shale 




... 28 


3 7 




Coal — Constanze Seam 

Total 

Seams 


3 




3 




...14 7 


... 151 


1 3 




. . . ... 


... 8 


1 2 




Band 
Coal 


•«• • •• 
>•• ••• 


... 1 


4 7 




6 


2 7 



TOTAL THICKNESS OF STRATA IN THE LOWER MIDDLE GROUP- 
WEST.— SECTION 4. 



Bxcnov 

AT 


Najcxs or BvAiis and Natvrc or 

IMTERVKKINQ BTRATA. 




Band. 
Ft In. 


Fms. Ft In. 




rCoAL — Upper Hardeuberg Seam 




6 . 


3 5 




Shale 






2 1 


IirSAAB 


Coal— Lower Hardenberg Seam 




1 6 . 


1 1 10 


Dbift. 


Shale 






.436 




Coal— Charlotte Seam 




8 . 


4 6 




[^ Sandstone, containing pyrites ... 






.. 17 1 




Carried forwa 


rd 


2 8 


24 4 4 



■ CO THB BAAEBBiiOKBN OOAL-MKLO. 


1 


m 


TOTAL THICKSESS OF STRATA IN THE LOWER MIDDLE 


(IROUP— 1 


EANT.-CoNTisrBD.— 8ECTI0X i. 




■] 


Bioriuii Njiiro or StAUa (kd Nuurs ar 
AT iBrayiBiKo 8nAt*. 


Ft In,' 


Cm. FV In. j 


BruugliC furwud 


i s 


. 21 * 1 ■ 




CoiL 


S 2 


■11° ! 




Co*t-fl«un No. 8 




3 3 1 


SlMle 




1 10 




Coal 


...... 










.. 6 5 S 




Cojj^-Semn No 4 


B 








... 10 1 10 




CO*L 






, 






.-, 20 3 7 


Coil 


3 










19 3 9 




Coii 


1 










„, 9 on 




Coal 


8 






Sandatone uid >lule 




6 6 2 


JllOClU- 


Coal 

Saiidatune Mild iiImi1« 


1 


R !) 2 


Colli 1)11. 

1 


Coju, 

S««Lrt«ue 




,., 10 1 10 


■ 


COAL 


1 8 






Ssnditone mnd «haU 




... 8 8 7 




CoAm«imN...6 ... 


8 4 


...107 1 








5 4 4 




Coal 


6 




1 


Bandatone u>d Khale 




6 4 4 




CoAi^-Sciwn No. 6 ... 


1 


















Ul » 4 




Coal ... 




3 9 










of ooiiglomente 




... 87 I 4 




COAt-Snin No. K at Altenv^d 




S 10 
















91 3 4 




. Coal (Ui Kwt lli'lft)'-H<«ni No. I of Allaitnld 


4 


2 8 








Toul 1 


6 UI 


... 3S4 1 








Soum 




. 11 4 « 


^ 




1 S 10 


Coil 




9 4 8 



THE HAABBBUCKEX COAI.-FIELD. 



61 



TOTAL THICKNESS OF STRATA IN THE LOWER GROUP— EAST. 

SECTION 5. 



BsoTTOir 

AT 



Heiititz 
collibry. 



•I 



Nameii or Sbamr and Natubs or 
iKTXBVENiNu Strata. 

'"Coal 

Shale, iiaudHtone, and conglomerate 
Coal ... 

Shale 
Coal ... 

Shale 
Coal ... 

Shale 
Coal ... 

Sandstone and conglomerate 
Coal — Stohlberg Seam 

Sliale 
Coal— Thiele Seam 

Shale 

Coal — August Seam 

Shale 
Coal — Borstel Seam 

Conglomerate, sandstone, and shale 
Coal — Waldemur Seam 

Shale 
Coal 

Shale 
Coal— Wrangel Seam 

Conglomerate, sandstone, and shale 
Coal 

Shale 

^OAL •>■ ... ... ... ... 

Shale and sandstone 

Coal — Nostitz Seam 

Shale and sandstone 

Shale and sandstone 

Coal — Grollman Seam 

^^A«^fcAC ••• ••• ••• ■•• 

Coal — Qneisenau Seam 

Shale and sandstone 

Coal— Upper Thielemann Seam 

Shale and sandstone 

Coal — Lower Thielemann Seam 

Shale and sandstone 

Coal — Braun Seam 

Shale, sandstone, and conglomerate 



Bavd. 
Ft In. 

1 
1 
1 
2 
7 

1 2 

2 11 

2 

1 

1 1 



11 



1 1 
1 

1 8 
1 1 



3 



Fms. Ft. In. 

2 11 

27 2 11 

1 10 

6 5 8 

1 7 

1 10 

1 10 
10 1 10 

2 4 
6 11 

3 10 

3 6 
1 10 

1 10 

4 10 

2 19 

4 8 
6 5 3 
10 8 
1 10 

1 9 

3 2 7 

5 
6 5 3 

1 8 

1 10 

3 4 



1 

1 
3 



2 
3 
3 
1 
3 
3 



7 
7 
6 
5 
6 
8 



10 



1 

2 

3 
3 2 

2 
3 2 

8 8 
10 2 



8 
7 
2 
7 
2 
7 



Carried forwanl 2 



121 1 1 





^^^^! aHaBBliaKS^SuSiSS^^ 


m 


TOTAL THICKNESS OK STRATA IN THE LOWER GROrP- 


-EAST. 1 




C..MT.Kt-Kt..-SF,CTIO\ 6. 


1 




"""i^s^^rg^'S!" ■"■ F.^frv 


l^».Ftln. 




Brought fomnrcl 2 


. 121 1 1 




CoiL-CU, Soini, cUy I n. * in 3 I 


., 1 1 U 




Shile 


1 10 




COAI'— Bonin Seatn 


..2 2 1 




ShJc 


.219 




Coii^Asler Seam 11 


10 8 




SIuUp 


.,219 




CoAI^IUiich Se«m 1 


5 






..910 




Co*L— BlncherSimni., ., 9 


18 7 




8We ... ^ .„ 


,. 1 10 




Co*i. 


1 10 






.. 3 S 7 




CoAl^Tnueiixieii S«un 7 






Shale 


.. 1 10 




Coii 






Shide ftnd wnditoiie : 


.. 14 6 4 






..6 1 1 


H«1K1T/ 
(,'OLUKBV. 


Coal 1 a 


.. 13 4 6 
2 1 » 




Cau. ,, 






Sanditone ai]il a1i>W 


"W 1 




Colt 18 






,. 18 a 




COAl. 






Suidituno and *hala 


,. 12 3 7 




Coal ... 






V«npywIJjke 


.. IS 9 




Coal 






Shale 


1 10 




Coit.-$3 in. Bmm ... .» .« i.. 1 1 






Shato „ 






COAt .„ ... 1 








. M 3 




COAi , , 6 


1 






" 2 « 1 




CoAt-Miti, S«ni 8 


S 




Tuul i a 


. 816 1 6 










S«a* 


..HIT 




Band 


4 8 


' 


COAl 


.. SO 1 4 



THR SAARBRUCKEN COAI.-l'Ilil.l). 

TOTAL THICKNESS OP STRATA IN THE LOWER GROUP.- 

SECTION 6. 

BicnoB Hun or BuHn avd Katdki ur Baud, 

a iHTUVxHrnii Btkata. n. In. 

fCoAt— SeamNa. 1 

I Sbile 

^ CoAi^-Soun No. 2 

Sh»le 

Coal — Seam Na 8 

Coal — Spaid No.* 

SaDditone, includinfr 12 ft. of crniglo- 

mcTAto 

Coal— S«»m No. 5 

Sandstone 

Coal— Bojc" !*f""'. '■'o- 8 



COAI>- 



«o.7 



DtrDWKLm 

COLLIIBT. 



Shale 

Coal — 24 in. Seam 

Shale 

Coal— 18 in. Seam ,., 

Shale 

Coal— Beyer Sram. No. 8 

Sandstone, including 12 ft. of congln- 

CoAi-Miiffliiig Seam, No. 10 

Shale 

Coal— Pfuel or Clay Scam, Nn. 11 (aav2ft. 



Ln^liLiline 31 ft. of conglo- 



COAL — Bluchur i'^oim. No. 13 

SandHtoTiH ai]il shale 
COAt— .St«mNo.l4 

Saudstone and shale 
CoAi^Kleiat-Nolleiiaorf Seam, N 

4$andMona and ihale 
Coal — Deunenitz Heam, No. 16 

SaiulctuuD and shale 
CoAi,-V(i.rkSeam, No. 17 ... 

SandstiRic and shale 
Coal— 27 in.Senin 

Sandstone aud abale 

Sandstone and shale 



Curried fiiTHard 2 2 5 




f 



■ • . . . • 



I ■ • • 







* 

JO 



!;;.:«....Sii-..J| 



•^i 





TABLE OF ENGLISH EQUIVALENTS TO GERMAN TERMS 1 
EMPLOYED AND REFERENCE TO SECTIONS | 


Formations 


German Suboivisions 


English Equivalents 


O 
CO 

< 


T 




.'M/S^/^/CA^r /f£fi£ 


KEUPER 


< 

-1 
UJ 

X 

o 

CO 


=) 


r/IOOi/TA i/M£Sra//£ 


(wanting) 


o 
a 

Z 


Hf'M.T£M6/UA^ UMeSTO/l£ 
Clays WITH Gypsum 


a: 

S 
o 

1 


i/pp£ff ZaN£ DOLOM/TE 


tOIKHZUfte MUSCHELSAftOSTFm 


VOLTZIA SA»lDST£IN 


SUNTER 


% 


Vosees ■'^ai^dstsim 


s 






1 SOA>/CtL ' RsPftCiiSNTSO 
NGefMANY 








Zechstejn 

JVD KlJPfFRSHI£££f/ 


Mas//£s/a/v Limes 

4//D MAPLSlATfS 


z 

CD 

o 
ft: 


i , ... ■ f 

Si," ■ ■• 


■ 

i 


lOIYff f?£0 SA»aSTO/f£S 
4vt, A/AHLS 


O 

PLI 


O 

i! 

O 1 

O 


0-)0 

^£> 

III 




COAL Measures 

/* rH£» ff£SrfflCr£S S£/YS£ 




FLOrzLeeRBD 


illLiSTO^e 6fflT ^^^^ 




-V.tK?" 


L 






-^m 



To illusUnte.MrA.R- Sawyers pap&- On- Maiinp ai rSaatintck^L 



Board and Pillar (First Variety.) 
l_ FiG.I 




a. Doors. 

c . ^weUauf Eotui. 



BnaMv vF BoiZtd »!* 
, of mioTslSI, 



Board and Pillar (Second Variety) 
Fig2 




I'M xmBi-L.a-AZs:. 




A. TSilarslefi ibr sitfptni^ oi^' Jihads. 
a,. Doors. 



f,J^£TarMJJl£^^^'S 






I 



{ 




^ 




H 



\ 




wwfjng^ mafpt> pioj ^?*^i^P[^fli?^ 







Z ij 



3 



Sbi 



o o 



O 



JSJ 



l._ 



o o 



PE 



r 



\ 



t^ 




o o o 



-. i 



l._ 



o o o 






j 



8 




P o c 



Ox 



s^ 



o o o o 





8 



^ 



Li_p- I 



*-"' ■*-'; T". M*' ^" 



1 — r 



1 — r 



lr==ii= 



Cx 



•| oiJ 




9 /Uinf,ctfJ093rp snw9jM)j^ jqjifi^^ufsynjjr oj 



DIBCUB8I0H — TBX BAABBR^OXHI OOAL-FIILD. 



66 



Mr. Lkbodr said, he had aekcd the qnestion because it seenied to him 
that Ihese firicsborn bciis I'urmed ttic most d rati nguish able horizon in the 
whole ot* the Saarbriickeii coal-field, so far as the coal-measiirea were c»ii- 
oerned, and allowed a line of diuBion to be taken between tlie Lower and 
Upper Saarbruekcn meaBurea far clearer than such lioeB unuitlly were. 
The Ottweiler series was not a very distinct one strati^phically. although 
patteontologicatly it was perhaps a good one. Asannung these Gneshom 
beds to be the tup division of the coal-measures, they afforded a means 
of correlating the age of the Saarliriicken mal-ficld with tliat of the coal- 
fields of France on the one hand, and those of liohemia on the other. 
From the heat evidence at his disixisnl it would appenr that tlic GrieBl>orn 
beds were well represented by the Nhadnwitz deposits in Boiiemin, and hy 
the St. Etienne and other southern French coal deposits; whereas the lower 
parts of the Haar coal-measures below the Griesbom beds were the represen- 
tativcB of the English cwal-measures and of those of Belgium, Northern 
Prance, and of the Lower coal-mcaaureB oi' Bohemia. There was nothing left 
of the true coal-measures to correspond with the Ottn'eiler hede, so far as he 
knew, either in Bohemia or in any of the French or Belgian coal districts. 
Now, as Mr. Sawyer had clearly explained, there was on the 8aar a 
perfect sucuesaion from the coal-ineasures to the PeraiiaD, and the passage 
fh)m one to the other was so imperceptible that it was difficult to draw 
any line between theui. Ho (Mr. Lcbour) thought it might someday be 
shown that the Ottweiler division was really what was called the Permo- 
Carhoniferous in North America, and in other countries where there was 
no unconformity lictween the Permian aiid the coal-measures; and if he 
might throw out the merest suggestion, he would say that probably the 
nearest approach in England to the Ottweiler beds was the uppermost coal- 
measures in that part of Staffordshire where the uneunrormity of the Per- 
mian was the least marked, and where it might turn out that there was 
no mieonformity at all. He had been extremely pleased to see what a 
thoroughly geological paper Mr. Sawyer had produced, especially as he 
(Mr. Lebour) had thought from the titie uf the paper that it would treat 
chiefly of mining proper. 

The Pbesidest asked Mr. Sawyer whether there were any limeatonea 
in these upper coal-measures? 

Mr. Sawyer — There are a few very thin bedsof limited area amongst 
the Ottweiler rocks. Amongst the Saarbriicken rocks there is a bed of 
oalcspar and dolomite at Jiigersfreude, one to two inches thick; it is limited 
in area, and lies immediately above a bed of hematite. There are also two 
or three beds uf limestone, of from ten to twelve inches in thickueas. 
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lying close together at Gnichenbach, They have a dolumitic and con- 
cretionary choraeber, and ai'O imptu'c ; their area is also limited. 

The I'BEsiDEST asked if they were freshwater or marine limestonea? 

Mr. Sawyer said they were I'reshwotcr. hi the Ottweiler limeetones, 
the bivalve crustacean Estheria, as well ae Anthracosia and fish remains, 
have been found. 

The PEESIDENT asked if that would imply any connection between 
these beds and the upper Lancashire beds? 

Mr. Sawyer — Yea, in bo far as pre«;ncc of non-marine limestone is 
concerned. The limestone beds of Ardwick, near Manchester, are, how- 
ever, very much thicker and more important than those of Saarbriicken. 

The PBEsmENT — And the same as those south of Shrewsburj- and at 
Nuneaton, &c.? 

Mr. Sawyee — Most probably, fiir the same reason. 

The Pkesidknt — Yes, he should think it very likely indeed. There 
was another ipiestion he would like to nsk with respect to what Mr. Sawyer 
had said about the faults not goini; thniu<rh the i-ed Bandsumc, or not 
throng!) the Permian: was th;it universally the case, or were there any 
exceptions to it? 

Mr. Sawveb said, he did not think there was a single exception, 
althongh it was stated iliat there was, 

The Pbesidext said, he did not nnderstaud when the paper was 
read, whether Mr, Sawyer meant that the fault* did or did not go through 
tlie Permian. 

Mr. Sawyer— Through the Permian but not through the Trias. 

Mr, Ledour suid, there was no conformity between tJbc Permian and 
the coal-measures. The faults stopped at the Buuter. Might he ask 
what Mr. Sawyer uuderetiKxI by melaphyre ? 

Mr. Sawyer — An ait4;red basalt or dolerit«. A basic eruptive rtx^k. 

Mr. Leboi'k asked if Mr, Sawyer meunt any special kind ? 

Mr. Sawykb — No. 

The Prkhiukst asked Mr. Sawyer whether he had seen any of the 
limestones himself ? 

Mr. Sawyer said, ho hnd not noticed the limestone l>eds particularly, 
as it was not easy to gi't at them. 

The 1*UK:<1DEXT said, if tliere were any Spintrbis Caibonoreus in these 
Umestones it wonld lend tn show tlic identity between them aud the others 
he had referred to. 

Mr. Leboi'R said, that was very likely indeMl: they seemed to know 
very little about these Otmeiler beds in the dislrict; tliey wore not mined 
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BO much, and not so well exposed at the Burfac« as the lnuer and more 
richly coal-bearing beds. 

Mr. Hesry Hall said, the author had made a comparison as to scci- 
denta in Eoi^Iimd iind in Pnissia: he wuuld like to ask at what depths 
these iwals were generally worked ? 

Mr. Sawyer said, tlie depth at which coal is at present worked varies 
from about 300 to over l,(.H)t) feet. The deepest shafts are those recently 
sunk in the Fischbach valley, which are very nearly 2,000 tect Jeep. Though 
the average depth at which the coal is at present H'orked is less than that 
at which it is worked in moat of the English coal-fields, yet the difficulties 
encountered in working, from the ^eat number of faults, bad roof, steep 
inclination of seams, and e8[Jfcially from fires, are A'ery great. These fires 
were due to sgioiitaucous combustion, and the one he had described, which 
took place at tlie outcMp of the Bliicher seara, was caused by the presence 
of pyrites, which occurs not in the coal itself but in the cleat planes. The 
men worked both with sal'ety lampa and also with naked lights, and no 
explosions on a large stale have occurred as yet, i»ut now and then 
there are small explosions whore two or three men are killed. These 
remurka apply to the Saarbriicken coiil-field only. 

The PREBIDKNT askcd if the members were to infer from the paper 
that the number of accidents which happened there from other causes than 
eiploaious were more numerous than in England 't 

Mr. Sawtee — Yes, especially accidents from falls of stone. As will 1)6 
seen in the tables, the number of deatlis per men employed is greater in the 
Westphalian Coal-field than at Saarbriickcn ; the death-rate in Saar- 
briicken is smaller than in England, Mr. Simpson has shown in one of 
his papers that the death-rate in the whole of Gennany is greater than 
in England; but at Saorbrucken alone it is smaller. 

The Peesidbnt said, the next business before them was the discnssion 
of a paper on the " Telephonic Ventilation Tell-tale," by Mr. Henry Hall. 
He was glad to see Mr. Hall present; and he would ask, in the first place, 
whether he (Mr. Hall) had himself any further remarks to make on the 
paper? 

Mr. Hall said, he had nothing to add to the description of the " Ven- 
tilation Tell-tale" given in the paper, which was read a few months 
ago, excepting that since that time the Tell-tale had been adopted at some 
collieries near Wigan, and had proved to be perfectly reliable and very 
Qsefol to the managers. The makers now hoped to be able to enter 
into siieh an arrangement with the Telephone Company as would enable 
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tima to offer it at a very reasonable price. If any gentleman wished 
for any explanation reapectiug it he wonld be happy tu ^ivvi it. 

The Presidbnt asked if the wnununication was tu the bottom of the 
pit? 

Mr. Hai.l replied that the anemnmeter was fixed in one of tiie main 
air-ways, and the readiuj; was taken at the olli<» on tlm surl'a(%. 

The PuEHiDEST asked whether it was used for any other purpose of 
communication than simply tor indicating tlie state of the number of revo- 
lutions of the anemometer ? 

Mr. Hall replied that it was used cimpjy for monsuring the air. It 
might be UBcd tor e[ieaking ijiirposos, but it had not yet been so used. 

The I'REHiDENT asked the names of the collieries where it was being 
used? 

Mr. IUll replied that the instrument mis in umc at PcinlNirCon, ul 
Whit<! Moss, and at one of the Wiguji Coal iind Iron Company's pits. 

The Phesident asked if the Pemhcrtou Pit waa not between &00 and 
COO yards deep ? 

Mr. Hall — Yes, it was a great depth, and the wire Wiui oirried a lung 
way along the sarface to the otfice, 

Mr. R. F. Bovi) ueked Mr. Hull whether it was (loesilile to have more 
than one anemometer tixeU upon the Tell-tale, so tliat all tlie air-ways 
might be registered in the office'? 

Mr. Hall said, that only one atiemometcr could be attached tu a wire, 
but one telejihone would record any ntmiher uf anemometers throogh 
sejiaraU wires, so that any extra expense would be for anemometers and 
wires and not for telephones. The wire must come from the instrument 
to the olliw, or to any other desired place. 

The meeting then separutt-d. 
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PROCEEDINGS. 



GENERAL MEETING. SATURDAY, OCTOBER 5th, 1878, IN THE 

WOOD MEMORIAL HALL. 



G. C. GREENWELL, Esq., Pkesidbxt, in tub Chaib. 



The Secretary read the minutes of the last general meeting, the 
minutes of the Council meeting of September 7th, and the minutes of the 
Council meeting of September 28th. 

The following gentlemen were then elected : — 

0&OI9ABY MbMBBR — 

Mr. Hbnby Bbamall, M.I.C.E., St. Helen's, Lancashire. 

Associates — 

Mr. Nathan Millkb, Kurhurballa Collieries, East India Railway, Chord Line, 

Bengal. 
Mr. W. S. Gbbsley, Overseale, Ashby-de-U-Zouch. 

Students — 

Mr. Robebt Buckham, East Fontop Colliery, Lintz Green. 
Mr. Edwabd F. Melly, Nunnery Colliery Offices, Sheffield. 

The following were nominated for election at the next meeting : — 

Obdinaby Membebs — 

Mr. William Aceboyd, Jun., M.E., Morley Main Colliery, Morley, near Leeds. 
Mr. William Rogebs, M.E., King Street, Wigan. 

Asbociatb — 
Mr. J. Bagnold Smith, M.E., The Laurels, Chesterfield. 

Students — 

Mr. Hbnby Palmbb, Nunnery Colliery, Sheffield. 

Mr. Robebt F. Spbnob, Surveyor, Backworth Colliery, Newcastle-on-Tync. 
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DEATH OF MR. J. T. WOODHOUHS. 

The PRE3IDEXT said, he felt sure that every one would hear with 
regret that Mr. John Thomas Woiiiliousc, an olil and respected member 
of the IiiHtitiit«, had departed fram amongst them, and had been buried 
yesterday. Of no ooe ooulti it be said more truly that those who knew 
liim best respected him most. He himself had known Mr. Woodhonse 
for more than twenty years. He had met him frequently in business in 
diflcrcnt parts of the country, and certainly could aafely say that a more 
gonial, upright, honourable, and able man could not he foond. 



Mr. Fueibk-Marreoo tluii read the followiud [m\K-r " On n Recording 
Water Gauge for Pit piirpoBcs," 
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RRTORDINO WATER aAUSE. 



RECORDING WATER (JAUGE FOR PIT PURPOSES. 



Bv A. FREIKE-MARRKCO. 
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Mb. Fbeibe-Makreco Baid, that he had occasion, in the courae of sonie 
experiments which he had been lately making, in conjunction with other 
^ntlemen, upon coal duat, and the results of which he hoped would very 
shortly be laid before the Institute, to devise some gauge which should 
indicate, as quickly as possihle, sudden and traneitory varifttions of tension 
— which should record, in fact, an air-push, if he might so call it, laating 
only a feiv seconds; and so this instrument was constructed (which he 
might just say, in i)aasing, turned out entirely useless for the purpose for 
which it was wanted), which seemed sufficiently 
near to a " recording gauge" to be worth laying 
before the Institute. He should also soy, in the first 
instance, that there was really nothing new in the 
principle, as Sir William Tiiompson, if he (the 
speaker) was not mistaken, had utilised recently 
the same principle in some of his sounding experi- 
ments. The instrument on tlie table consisted of an 
ordinary U tube, but instead of being charged with 
water, it was charged with a very weak solution of 
chloride of iron, which recorded any change made ^ I 
in the level of the solution by changing tlie colour 
of strips of paper soaked in yellow prussinte of 
potash (better known to some as I'errocyunide of 
potassium), secured to strips of glass by some gela- 
tinous substance. He had puiposcly exhibited, not 
one of the gauges such as were now at work, but 
the original working mode! which had been standing 
idle for something like a couple of months, so as to 
show that the maximum and minimum water line were really fairly well 
recorded by a distinct blue line, even after that lapse of time. The 
woodcut shows the arrangement of the tube CD, and the glass indices 
AB, which latter, when the instrument is set, must be pushed down till 
they just touch the liquid in both limbs of the tube, when any change 




wn'tl be mnrked eittier on the outer or inner strip of glass, the marking on 
the outer (C) strip showing the minimum, and that on the inner (D) the 
maximum pressure. If lliere is no mark on the outer strip, the minimum 
]irossnre is that existing at the time the indices were set. Of course, 
a \ery much simjiler arrangement (»uld he put together wiien it was 
only wiuited to show that the minimum pressure had bct-u kept np. As 
to the |ircparatioii of the indices, he did not know that they were yet 
absolutely perfect ; but he had tried a good many variations botli as 
to materials and construction, and the thing wliioh he bad settled on 
at last (and which they would be exceedingly glnd to |>iit into the hands 
of anybody who wished to try itj was this: the paper was prepared 
in the first instance by soaking it in yellow prnssiale and drying 
it, prefcralily in a dark room or drawer so as not t« exjuise it too much 
to the light, and then sizing it down on thin strijm of glass with the 
etrongC'St fiolution of isinglasii that conld l>e nsed. If used without sizing, 
the line would invariably "creep" about an eighth of an inch on 
standing. Sizing, so far as he knew, was a i>retty snre preventative of 
that. He had alstj tried a film of gelatine, which a prtifcssional friend in 
Ixmdon was good enough to prepare, saturated wiih prussiate, cat into 
httie strips, and tiied with water on the glass. That was a good deal 
more trf>ublesome, and did not seem to much advantage. So far as 
hu could see the present form was sufficiently good tiir pnicti<'al work, but 
he would l>e sorry to give an opinion iijion that siibjeet, Jlr. Slay bad 
lieen good enough to set up this water gangc on the largi' Onihnl fan dt 
Hilda, and Mr. Stcnvensou upon another. He must apologise for not 
being able to give their results. He had only just returned Ut Newcastle, 
but Mr. Ktcavenson was present, and he hoped would be able to kill them 
whether the instrument worked satisfaet^irily. He should be only too glad if 
any numln-r of members of the Institute would give the instrument a 
trial, and see whether or no it su])plied a want. If an, be woidd think bo 
had accomplished something. 

Sir. D. P. MoBisoN said, he thought the water gange which h^ 
been described would be of very great use. not only for mechanical 
ventilation, but also for furnaces, inasmuch aa whether the slips were 
put in for a year, for a week, or for a month, if taken out at the end of that 
time and registered, they would ahow during any lurticulor period of time 
— nbaterer might bo decided upon — the lowest and the highest water 
gat^ which had been obtainetl during (he interval: and io cases where 
an accident had Mx;urrud in the returns it would be a matter of very 
grmt interest to Bud fn>m the register if the waki' gauge had seusihijr 
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diminished or increased since it was last set ; and it might be hoped that, 
in time, the instrument might be so perfected as U) register the precise 
time when the fluctuations OLX;nrred. He thought, therefore, that every 
practical man would thank Professor ilarreco very deeply for having brought 
oat a thing, which, although at present, as Professor Marreco had said, was 
in a cnide state, wonld evidently be so perfected us to become a valuable 
register of the friction in the airways and mines. He believed that it 
could with advantage be applied to Ramsay's water gauge; the difference 
between whicli and the ordinary water gauge was that the ai)erture iie- 
tween the two compartments in Ramsay's was exceediugly small, and the 
two limbs very large; and therefore the variation of the level of the fluid 
did not oscillute so rapidly as in the CLjmmon water gauge ; and with 
Ramsay's water gauge he believed it would prove a moat valuable adjunct 
to a register of currents of air. 

Mr. I'seire-Marreco said, there was not the Mlightest difficulty in 
working the instrument if a few small details were mastered, and if any- 
body, more especially students of tlie Institute, liked to call at the 
laboratory, he wonld be very glad to offer any explanations necessary, aa 
there might be a httle trouble at first in preparing the indices. 

The President said, they were exceedingly obliged to Professor 
Marreco for bringing that matter l)efore them. Things were new or 
old by comparison. Professor Marreco said there was nothing new 
in this, inasmuch as it was used by Sir WilUam Thompson ; but so far 
as a great many of the members, and he could speak for himself at 
any rate, were concerned, it was new to them, and they were very much 
obliged to Professor Marreco for bringing it bel'ore them. 

Mr. A. L. Steavenson said, he had been in Paris, and had not hod 
time to try the gauge, but he would have it tried next week, and, at the 
discussion, be prepared with the results. 



Mr. D. P. MoRisos then read the folk.i 
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COAI^irrriNO MACIIISB. 



NOTES ON RKlCr AND MKIKLEJOS'S COAL-CUTTING 
MACHINE. 



Thb fjnestion of getting coal by Diachitiery is one of such nniversal im- 
portainje tliat the writer feels he ucods no iijiology for introducing a few 
pTeiimioaiy not^B on the above sjBtem and its necert^iined duty ; at the 
game time, however, he must crave the indulgence of the menibera of this 
InBtitute for snch a cmde and hurried notice of the apparatus, a notice 
which is intended to pave the way for details of future experiments, and 
to afford those interested in the subject Rome idea of what may, ander 
certain conditions, be achieved by mechanical hewing. 

The machine (sec Phitti XV.) is the invention of Messrs. Riggand 
Meiklejon, of Dalkeith, N.B., and is on what may be termed the circular 
saw system. The following is u short description of the apparatus: — 

A is the frame supported on wheels; B B the two air cylinders 
driWng the gear ; G C connecting rods ; D crank shaft ; E bfivH wheel 
geared into entting wheel or disc ; F disc or cutting wheel, to which the 
cntterB G are attached j H arm or bracket carrying disc ; I wheels ou 
which the machine is carried ; J axle boxes ; K four screws by which 
the machine may he raised or lowered in any direction to suit the incli- 
nation of the bed or seam ; L worm giving motion to propelling shaft ; 
M N N shaft* bearing the progressing chain wheels by which the 
travelling of the machine along the fiice is regulated; P propelling chain; 
Q rails on which the mat^hine advaiiccB; H sleepers. 
The main advantages claimed by the inventors are — 
1, — ^The machine is so constructed as to hole or cut in the face to the 

bottom or under side of the sleeper BU]>portmg the rails ; or, 

in other words, flush with the thill or bottom. 
2. — ^The height of the machine, being under I G inches, enables it to be 

employed in thin seams, which would otherwise be expensive to 

work. 
3. — The arrangement of endle-sa chain or n>i>e for dragging is improved 

and simplified. 
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4. — The arrangement of the four adjusting Bcrews at each corner by 

whith the cutter can be made t<j work at any suitable angle. 
5. — The iLxle hosts are also so adjugt^hle ae to allow of the machine 
progressing when at any angle, irrespective of the level of 
the rails and sleepers. 
6. — The arraugciiient for holding the teeth or cutters by which any 
number and any shape can be employed according to the 
nature of the material to l)e operated upon. 
The machine hae now been at work at Peuaton (one of Messrs, Dean 
and Moore's collieries) for some eighteen months, and has given great 
satisfaction. The following particulars ofiu performance liave been kindly 
supplied to the KTit«r. 

The coal, which raiies in thickness from 32 inches to 30 inches, is 
hard and similar in character to the part of the seam in which the " kin-ing" 
was done in the latest experiments, by this and other machines, at 
Blemore, Hetton. It is worked on the '* long-wal!" system, the face being 
UHoally some 300 yards long. The machine ix supplied with compressed 
air by two air cylinders 10 inches diameter and 3 feet stroke, varying In 
pressure Irom 35 lbs. to 45 lbs. The labour entailed by the machine is 
supplied by three men and one boy, who use naked lights (the usual 
Scotch tamps), the coal being holed in the night shitl of nine hours, and 
filled during the day. 

The following is an abstract of the work done by the machine over an 
average of ten days when fnlly employed : — 

STATEMENT OFCUTTINO DONE BV MACHINE IN MESSRS. UKAN AND 
MOORE'S PIT, AT PENSTON, WEST OF HADDINGTON. 
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ThiB repreBenta a total of 1,460 yards cut, or 146 yards per ahift of 
TiinB hours — IQ^ yarda per hour — the kirvin^ bcinjj on an average three 
feet two itichea into the coal and a width or height uf three inches. 

One of these luaehitieB is now in operation at Elcmure (one of the 
Hetton collieries), where several other Bystems have been previously tried. 
The result of cutting per eight hours' shift compares rather unftivourably 
with the Peuaton performance, but per hour the work doue ia very credit- 
able. The reasons of the slow progress of the machine may be sura- 
mariGed as — 

II. — The sieepers and rails having to be blocked np in front of the 
machine, some 8 or 10 inches, so as to allow the machine to cut 
in the top cnat. 
2, — On account of this insecure mode of constructing the tramway, 
the liability of the jib and disc to strike up in the coal, and 
then requiring to be hewn out. 
3. — The fact of tbe men seat from Scotland being unaccustomed to 
the faint light afforded by Davy-lamps; and also, (after their 
departure) the men kindly supplied by the Hetton Company 
being anused to the machine. 
The following is an abstract of the work done per shift fnui 
September 19: — 

STATEMENT OF CUTTING DONE AT ELEMORE COLLIERY, HETTON. 
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"his represents an average (eicluding Sept. 11) of 29 yards of coa! 
rved — 3 feet deep iind 8 inches wide — in one hour. 

If the machine could be placed in more favom-able conditions, the 
mount of work per hoiu' claimed by the inventor (viz., siity yards) 
rould possibly be obtained, but even at the oomparBtirely uiudeet result 
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of thirty yards per hour the apparatoE will commend itself to the Htt«Q- 
tion of the mining world. 

The fullowin^ atateinent of prime cost atid annual maintenance has 
been submitted to the writer, and the cost, as compared with hand labour, 
appears very satisfactory : — 

COST OF PLANT TO PUODUCE 100 TONS OF COAL PEll SHIFT. THE 
8EAU OF COAL IIEISO 2 FKKT THICK AND VERY HARD. 

One itoam boiler, with flcidiigii complete £S50 

One ur^cninpremin^ eii^iie, with tteam engine carnHned 670 

One ur reoeiver .. SO 

Fotuidktiuiui •nd biiildings in couoectiuii niUi abore 400 

One nuchiiic, wilt rBibi uid aleepcn 260 

St<«ln and air {lipea, with Cdimectiona ... ... ... IKO 

Allnw fur incidental eijiensea ... 200 



£1,000 



COST PER XSSUit. 

Inlrrattuii £2.000 @ 5 ?£ 

DoprttcUtioii of mMliinvrj <^ & ^ ., 

Bopain on do. 

Stons, iiiclndiuiK Kt««l fnrcutteni.etc. . ~ 

Coal tor (teuni boiler. 600 Una ^Ot-yKTbrn 
Coal for amitliy ... 

Fireman ... 

Hlaclcmmlh fur (harpoTiiiig cutter*, ell'. 

8 men attundiiiK uuulunp, Ift. uach prr daj — SCO ilii,<rt @ 34c. 

Iboj ZeOilayi^ Sji. 



£1,089 1(1 linMlncc StifiOO t.>iu coal - atioiit lod. )iut U-a for iwling, bcwiiiK, 
aiid kirri;ig. 

It is tlie writer's intention to have a tAbulated stuk-mcnt prepared 
before the dtHcusion, showiii}; the economy to be obtained by the use nf 
the machine, especially in the hard steam coal districts of tlie iiurth ; and 
he trusts tlie fore^ing iiarticQlara may suffice to enable some uf the 
members to provide iiscfiil dutji for conii>uriBciii. 



The PBEsinKNT said, tlutt it would probably be adviMblc not to 
express anj- opinion rcqx-cling Uic niiiohine now, but simply tu make such 
in<|iiirie>< as would indicate to Mr. MoriMm tho infoniiation that would be 
most (4)preC'iat«d, and be for one ht^wd that full iafunuation wunld be 
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given tliem of the hardnesB and natare of the scaras if coal in which the 
machine had been worked, and if applicable to kirving out bliit-k stone or 
Bbole IrandB. 

Mr. MoRiBON eaid, he would be very glad if any en<iuiries of that 
kind were made to-day, and should be only too happy to meet the views 
of the president and memlitra. 

Mr. WiLLia asked what waa the weight of the maehine ? 

Mr. MoRisoN — Twenty-five cwte. 

Mr. T. LiSDaAYOALirf)WAY asked whether this machine waa capable 
ofeuttingitacll' into tlie coal — Biipposing it waa working long-wall, and not 
taking off pillars, and it came to a fast end, whether the jib eoiild swing 
round in such a way that the machine iteelf was capable of winning ont 
it« own coal, or had the coal to be won by men ? Another question 
which he wouid like to ask was. whether there was any difficulty in 
keeping the macliine close up to the face ? In the Gartshcrrie machine, 
which he had seen at work at Ancheuraith Colliery, there was a very great 
difficulty in that res|)ect. They had to put props expreaaly, along the whole 
length of the cut, and to place sleepers longitudinally Ijctween them and 
the mils so as to keep the machine close up against tlic face, otherwise the 
machine got away from the work, and caused a long stop. He could only 
say that the results furnished to the meeting by Mr. Morison, of what the 
machine achieved in actual pi-actice, seemed very favoumbleas compared with 
the resulta of the Gartshorrio machine. That machine cut 00 yards in one 
shift, and producetl 00 tons of coal. The seam, however, was 4^ feet thick; 
therefore, they mnst not take merely the quantity of coal produced with- 
out uousidoring that the aeam in the case given by Mr. Alorison was much 
thinner. There were a few other particuiara regarding this machine which 
he happened to have with him. It had an eight-iiioh cylinder, 14 inch 
stroke, waa of 17 horse-power, and worked 320 strokes per minutfi, and 
seemed to go rather irregularly. He conld only say it would be a very 
great achievement in the application of coal-cutting machinery, if such 
a machine as that which had been described by Mr, Morison could be 
made to work practically, in the way it appeared to have done hitherto. 

Mr. MoBisoN stated, in reply to Mr. G^oway, that the machine had 
a fixed jib; consequently, in order to allow it to out three feet into 
the coal, a holing would have to lie made at the end of the long-wall 
face, in order to allow it to start fair. It was (piite evident that 
this mnst be the case unless the jib waa moveable. He thought, how- 
ever, that it had been pretty well proved thai moveable jibe were 
insecnre, and contimnrily getting out of order, and that the more 
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solid and compact the machine conld be made the better. Wlien onoe 
started in the niek prepared for it, no ditficulty had been expenc'Rced in 
keepin}^ the machine at the proper dietance from the face. The mode of 
pro^reasiuii was simply b}- a chain passing over pnllej's, with teeth fitting 
into oath link. These ]iulieys were driven by moans of a worm, and the 
speed could hv regulated t^i suit hard and sutt coal. 

Mr. Lawbexcb said, that after the Prusldent had recommended that no 
disaission should take place till the paper and drawings were in the hands 
of the members, he was rather anrprifli'd at the remarks that had been 
made at the meeting. He (Mr. L.) had been interested in the working 
of coal-hcwiug machines during about eighteen or nineteen years, and 
he was moat auxinuB to have Ijefore hiin all the details of the cutter Mr. 
Morison liad been kind enough to describe. The remarks made by Mr. 
Galloway were most appropriate. They were aware tliat in tlie Baird 
machine the cutt«r8 were placed on a chain, which might l>e described as 
the diain of a dredger laid horizontally instead of working pcrj>endiculBr1y: 
and the cutters of themselves going in from an opening in the long-wall, 
which had to be cut in U> admit it the same as with this machine. The 
cutt£ia liave a tendency of always drawing tiie machine on towards the 
face of the oal, and there was also a tendency to throw the machine off 
the way. Messrs, Baird and Co. got over this difficulty by simply having 
posts fixed to each end of the long-wall, whereby the machine would pull 
itself tilong. These jwsts were not fixed in the wntre of the way, but at 
Bucli a distance from the face <if the coal as to put a strain on the machine 
as it progreased, tending to draw it fVom the fiice, and counteract the ten- 
dency of the cutter to pull it over tewarda the face. He thought it would 
be r|Uite unfair to Mr. Morison to discuss the merits of the machine at 
present. 

The PbeHtDBNT said, it was the intention that the discussion was not 
to go on : but the fact was that what had been staled by Mr. Galloway 
and one or two other gentlemen, was simply in imswer to Mr. Moriaon'fl 
request that if there was any information which he could get for the 
benefit of the Institute, he would be very happy to embody it in the 
application he was alxiut te make to the inventors of the machine. 

Mr. MoRians said Mr. Lawrence must quite understund that he 
(Mr. M.) had nothing whatt'vcr to do with the invention of the machine, 
and the only reason for bringing the subject before the members of the 
Institute was in order tliat they might have an opportunity of considering 
a subject which would interest them, and ou whidi they might have a 
valuable discassion ; and he added that if any gentlemen connectwl with 
the Institute would kindly drop him a note, he would t>e verv glad. 
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having the kind permission of the Hetton Colliery owners, tu accompany 
them over to see the machine ; and perhai)s Mr. Lawrence, who wanted 
particularly to know all the details of it, woidd also join, and act as 
gaide to explain by his oxj)erience what the machine would do. 



The Pbkhident said, the next business was the discussion of Mr. 
T. Lindsay Galloway's paper, " On the present condition of Mining in 
some of the principal Coal-producing Districts of the Continent." The 
paper was so clearly written, and m explained itself, that really there 
did not seem to be much to discuss. He supposed that was the reawju 
why the members present did not seem to have anything to say. 

Mr. Steavenson thought that was really the reason of their not 
having a discussion upon it. He had heard the paj)er spoken of more 
than once as being a very excellent and complete one. It would be a 
great addition to their Transactions, and he thought it only remained for 
them to pass a vote of thanks to the writer of the paper. 

Mr. Rausay begged to second the motion, which was unanimously 
carried, and the meeting then terminated. 
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PROCEEDINGS. 



ANNUAL GENERAL MEETING, SATURDAY, NOVEMBER 2, 1878, IN THE 
LECTDRE ROOM OF THE COLLEGE OF PHYSICAL SCIENCE, 

NEWCASTLE-UPON-TYNE. 



G. C. GREKNVVKLL, Esq., President, in the Chair. 




The Secretary read the minutes of the last General Meeting and 
reiK)rted the proceed inj^s of the Council. 

The following gentlemen were elected, having l)een previously nomi- 
nated: — 

Ordinary Member — 
Mr. William Rogers, M.E., King Street, Wigan. 

Absociate— 
Mr. J. Bagnold Smith, M.E., The Laurels, Clieiiterficld. 

Students — 

Mr. Hbnry Palmer, Nunnery Colliery, Sheffield. 

Mr. Robebt F. Spence, Bockworth Colliery, Newcastle-on-Tyne. 

The following gentlemen were nominated for election at the next 

meeting: — 

Abbociatrs — 

Mr. William Prichard, M.E., Navigation and Deep Duifryu Collieries, 

Mountain Ash, South Wales. 
Mr. John Thompson, Underviewer, Heworth Colliery, Co. of Durham. 



Mr. Freire-Marreco then read the following paper : — "An Account 
of some recent Experiments with Coal Dust." 



VOL. XXVin.-187». 



KXl'ERIMBSTS WITH OlAL DUST. 



AN ACCOUNT OK SOME RECENT EXPERIMENTS WITH 
COAL DUST. 



Ur A. KRKIUKMAKKKCO am. H. 1'. MUHISON. 



This iiHjier, lUthoiif^h it hus Ixxu dulaywl loiif,i;r tlmii the authors 
wished or ex]K^'U'd, must still \k re(;ai-ded only as a prelimiimry one, 
becanacthcjrhopti it will induce fiirther eqwrinieuts oti the part nf others; 
and although the paper is described aa being the joint production of Mr. 
Freire-Marrecu and Mr. Morisou, its authorship should not have been so 
restiicted, Iwcaitsu, as the details of the experiment* which have l>een 
carried out are gone into, it will be seen that this paper Limld not have 
been written without the assistance of many others, whose names do not 
appear as anthors, although they were really so iu very large |iart. 

It is only comparatively recently that this auhject has really been 
taken up in this eountry, though attention had been publicly directed 
to it as a jni«8ihk' source of pit accidents, and a good deal of work had 
been done upon it ity M. Vital, and others, in Fiviieh collieries. It is 
hardly iieoessarj- to go int^ the details of these experiments, because mem- 
bers will find them fully summarised iu the very long and comjilete series 
of articles which Mr. Galloway has lately l>etu publishing iu Iron. 

Two years ago, in March, 187(;, Mr. Galloway communicated to the 
Royd Society the results of a set of exjML-riments, the sum of which 
i^I)eared to be this: that, taking a small quantity of fire-damp and 
mixing it nnth air, in the projmrtion of from 1 to I J per t«nt. of gas to air, 
a mixture was obtained, which, as uiight have been anticipated, neither 
exploded by itself nor showed upon the lamp ; that, takiug a mechanical 
mixture of coal dust and air, a mixtim; was obtained which was jcrfectly 
inert, jit any rate as R'gai'tled a naked light, but that adding to the already 
gas-con tarn iua ted air just alludeil to, the same (piautity of coal dust, a 
mkture was ]>rodnced whidi, even on a small scale, could lie fired at a 
iiakeil light, which «onld explode in a ti«ting uppai-atns, and which would 
continue to burn, so long as the supply ul giis luid dust Has kept u|), with a 
dull red flame. Pushing the experiment a little further, Mr. (JaUoway 
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arrived at the conclnfliim that tlie small peix'eiitape of coal gas ut which 
Ik s]«akB, aiul which, at tliiit trmi', wu« hardly toIn'ilL'tt'clediii pi-attiuc by 
any test, ww I'gRiitinl tu thi' comhuEtiuti of the coal-dusl; or, to put it 
more plainly, that coal dust alone, added to an air current, produced a 
mixture which would not fire either at a lamp or at the gases from a 
powder shot. 

That eotioloaioii aeemed tu the authors to be to a certain extent 
doubtful, at any rate so far as conceiTis all coal duate. It seemoi just 
possible that tlic tvrai '* coal duitt" was a genorii- rather timn a B{)ef.-ifie 
word, and that they might diHtingiitsh "coal duat" from "coal dust." 
f.g., caniiel from authratute. There was little di.nilit that the partifular duHl 
Hr. tJalloway was working with did not satisty the conditions ri?quired 
for an explosive mixture, but it seemed, to aay the least, poeeihle that 
other duBts — say, mirth country dust/— might do so; and Mr. nallowaj' 
having aiinouuctd, in the pai>er refem.'d to, his intention of nut pushing 
the inquiry further in that direction, the writera cndiavoui'ed to take it 
up, at firet in a nry rough way, in tlic laborah>ry of the College. It is 
not neces«nry to go into the particulars of these preliminary cxpcri* 
menta, in which Mr. Cochrane was good enough to iissist, fiirtber than 
to say that building out of the rfmnantsof the "sound whvc" apparatus 
and some old wooden iKixes an imitation gallery, loadiug it witli coal 
dust, creating a cum-nt thi'ougb the apjuratus uith a model Uuihal fan, 
and finally, firing a light pistol shot into the alniosphere, un cflect was 
produced which, if not actually an explosion, was »> m-ar an approach 
to one ou a small scale as to prove that the subject deserved l^irthcr 
atteutiou. 

The next net of experiments was worked out lit Elswick Colliery (by 
the kind pcnuissiou of the oHiiers) hy Mr. Cochran Carr, Mr. Cochrane, 
and the authors. Into the details of these experiments it ia hardly neces- 
sary go »t any great length< because, in the first place, they have l>een 
publisliLil in iletail elseuhere. viz., in the IVansai^tions i if the Chesterfield 
Institute ! and. beoniisc, in the second |iliice, they only uniplilii.-d a little 
the result which had been arrived at in the laliorutot^. 'I'hey scorned to 
prove still flirther, by the extent to whieli Ihc Imix was duuwgcd by the 
explosion, that there was something w^rih working out ; but they hardly 
guw such evidence as could be placwl before this Institute as [iroiiug 
the CMC. 

It may not l>e out nf ]ilaoe to give here a short deeiTiption of thcav 
i-xiwrimeuts, in order to show how they eiicounigi-d Ihc mithore to cim- 
liuue tlieir reseaa-la* ; — 
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A deal hox wime eight feet in lenji^th, ami of iiT'ojHirtionatc width, of 
I form Bhonn in the following cut, was constnii'ted in sudi u mminur 
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OH t<> i-cprcsent a winning; l>iird A driven naiTDw out of it headway B. 
Up the centre of this bord a length of brattice wbb rnn, snpporttd by 
props, the whole represeutiug on a ainall scale a working plat*. In the 
headway a dour D was hung, and then one end of the headway C was 
iuaerted into the drift of a (iuibal ventilator on the Biirface. The air 
then entered the o]i]iosite end of the headwaye and waa drawn round the 
face by the dour and the brattice, finding its exit at E to the fan drift, 
itfl velof.'ity being regulated by a slide at F. 

Three windows W ^ ' were plawd at tlie west side of the box, and 
windows W* * " were placed on the east aide, which, aa well as the 
north end, being simply fastened on by hooks, or buttons, enabled the 
observDrs to note wliat iwicurrcd in the interior, " tell-tali*" of paper 
were piunetl on each side of the brattice at intervals of ten inches, both 
on brattice and floor. At the cud of the box, representing the face of 
the Iwrd, two liolee were bored, into which were fitted two miniature 
canBons, representing in position and effect ordinaiy biown-oiit shots. 
These were loaded with a charge of powder, proportionate to the scale of 
the bos, and lightly stemmed. 

A quantity of coal dust, previously dried and sifted, was then pro- 
cured, and 8ti)rBd at hand in readiness tor the exiwrinients. 

The first experiments were performed with the biix clean, anil without 
coal dust. No efi'ect waa produced by the shcta beyond the report of 
the cannons, and a small amount of smoke, which was suon cleared ofi" 
by the cuiTent. The coal dnst was then sprinkled over the floor, and 
blown against the sides and the brattice, door, jiroj.s, etc. 'Ihe fulluiriug 
iia' the results oblidiicd ; — 
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1. — Shot fired from west aide front of bratliue, 30 grains of powder, 
slide closed, no cunttit, Ikix intact. 

•J. — Sliot fii-ud fmm wwt sidu, CO t^nins of jwH-der, slide clused, iiu 
current, esat aide of box blown out. 

S, — Shot fired from west side, W grainB of powder, slide cloaedt no 
current, east side of box blown uiit and north end sprung. 

4. — Shut fired from west side, I:il) gruiiiit of jxiwder, slide duaod, no 
cnrrent, east and north sides of box blown out, brattice and prujis bloHii 
do\vn, west «indow8 broken, flame at first west window, firet and second 
tell-tales on floors were lighted. 

5. — Shot fired from west side, 60 grains of powder, slide open, eight 
[bet per second velocity of air, each side of bos blown off slightly smoked, 
props blown down, t^sll-tales one on floor and one on brattice lijihU;d. 

6. — Shot fired from wwt side, (iO grains of powder, slide open, eight 
feet velocity, second window west side broken, flame obeerred at both, 
prope blown down, no tell-tales fired. 

7. — Shot fired from west side, regnlator lialf open, velocity about six feet, 
CO grains of powder, props blown down, tell-talea blown off bnt not GrMl. 

8. — Both shots fired, west side firat and east side twelve iwxinils wfU-T- 
wards, GO giuinB of powilev eaeli, piti|i8 blown down, ktl-talus blown off 
but not fired, eiuit side blown nut-bye, east side dust much diminished. 

!l. — Both shots fired, west side firet, east side two sewjnds after, props 
blown down, west nindow blown out, no tell-tales fired, considerable smoke. 

10, — Both show fii-ed, west aide first, eaat aide two seconds after, DO 
grains of jiowder ewli expl<«ion, west side of box split, windows all 
broken, flame shown at east and west windows, dense smoke, Ikix much 
damaged, props all down. 

1 1 . — Both shots fired, west side first, east side four secunds alter, 90 
grains of jHiwder each, west side blew out east side of box and west 
windows, projjs all blown down, heavy smoke after west aide, but iio 
effect from ciust side, owing to east side of box being off. 

1 2. — B<)th shots firt-d, west side first, cast siile four seeundii utler, Wt 
grains of powder each, brattice shifted and propa down, sotiws on oast 
side sprang, west windows out. 

1.1. — Both allots fire<l, wext side first imd east aide two seiirnds nft«r. 
MO grains uf jiuwder i-hvIi, rw\ Haiuc at sei.'und east window, fiaine 
out of idl west windous. prnps down in l>ord and in heHilnraj-s, Im much 
clmmd and damaged. 

14. — ili'lh shots fiii-<l, west side fi rat, cast side thn.-c sccinds afW, 
UO grains of powder each, flame finit window west ddo utter sucund aliot. 
wettl windows blown out, east side sprung. 
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IS. — Botli shots fired, wcBt side firat, cast side one acmiid after, 120 
"raina of powder eat-li, first shot had no efleot, second shnt >iroke all win- 
dows, flame travellod along bord into headways and wiw nbserved at 
iatakt?, flarne observed at first window west side, and at n aiippli'nienlarj- 
wi n do w, flame shot out of west windows, smoke at regnlator, box generally 
ioosened. 

ffi. — First shot fired from west aide, 120 grains of jRiwder, lighted 
dust at first windnw west aide, blew out east side and blew down brattice, 
6ocond shot from west side was consequently ineffective, Ikix was then 
found to l»e too heavily damped fur further esperimenta. 

It may l>e as well to point ont here some of the difficnltiee which 
rendered these exjieriments a bttle tedious. It was required in the first 
place to have a perfectly still, perfectly dry, and tolerably warm day to 
work at hank mtb fine coal dust, and It seldom hajipcued that when these 
conditions, not very often realised in this climate, came together, 
the other condition, of ail the workers being able to come together, 
oecurred. So that the experiments seemed very likely to come to 
an end but for tlie owners of Harton Colliery and Mr. George May, who 
pia(*d at the writers' disposal, in a recently erected fitting shop, what 
can only lie tailed an explosion-laboratory, in which they erected all 
the ap]>aratua that could poasihly be required for the experiments, and left 
it there ft-nm day to day, so that when an opportunity occurred, and the 
writ«ra could gut a day or half u day free fi'om other work, there was the 
place waiting for them, and experiments could be jiroceeded with without 
any loss of time. 

The apparattis used, consisted of a box shown in Plats XVI., divided 
into two parts, 1 and K, by a partition F. The portion I, about 12 feet, 
long, and fi inches square inside, was in immediate communication with 
the upright passage B (Figs. 2 and 4), through which air was forced 
and regulated by a slide, as shown. The other portion K, separated 
tVom the former by a partition F, is about 10 feet long, aud is open to 
the air at D. Both sides of the box E and D are (iimished with three 
windows, W, H', and H', tbi-ough which the length oC the ftarae produced 
by the firing of the two caimons A and C could be observed. These 
cannons were made of short pieces of gas pipe, closed at the eud outaide 
of the iN>x, and communicating with the exploding apparatus desci-ibed in 
the paper. 

These experiments, and the apjiaratus used, were arranged so as, if 
possible, to carry ont a definite idea. The idea was this : that if two shots 
could be arranged and fired into air, so as to imitate more or less closely 
the conditions under which coal dust might, in practice, get mixed with air, 
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ondmight then come into contAct frith nliot gases, it would be seen wliethi^r 
niidcr these conditioDS, which were probably the most trying they conld 
have, any result onild be ubtained which might be fairly colled an ex- 
plosion. It was thought that if this ci>iiditioii of things conld 1» arrived 
at by, firat, a bk'wn-out shot (tVom the ftu.-c), firiag agamil the air, aH 
shown at A, Plate XVI,, which might possibly lilt np mechanically — 
purely nieclianically — sufficient coal dust to constitute a more or loss 
explosive luixtnre; and, seeond, by another shot C fired into this mixtiiro 
as it come round the brattice, and 8<i tnaking it meet tlie shot guscs. 
there vruukl cxjEt the most favourable conditions i<^ produoc, at aiiy 
rate, an approach to an explosion. 

Tliis was attempted first at Elswick, as previously mentioned, with a 
considerably wider bos, modelled to represent to soile the dimensions of 
a bord, but through which the air was drawn instead nf being forced, but 
an aliiLDSt insujierable difficulty wan found — that was the getting off the two 
shotfl within tlie very small iiitei'val of time, which would be required Pjf the 
gases from the second shot to meet the exjiloeive mixture [H'odnced by tho 
first. OS it was swept round by the air current. But when the work was com* 
meiieed at Hartoii, it was fuun<l that this difficulty could be got over by the 
use of an exploder, which is probably faiuiliur to ntony here. It consists of a 
box covering a small rail fixed in Inintof a batter)' of permanent stM-t mag- 
nets and a keeper fixed in fl'ont of it. The kei'pcr is mniutAincd w' sV/u by 
a sjiriug. A little Ixilt is securely fixed in the iuteiior I" prevent acci- 
denls from any rArcleas handling of tlic^ appimitUB. M'hen that is taken 
out of the way, a handle is sharply presseil and produces u momentary 
disruptive <nin-ont, so that the discharge of the shot may be elVeeted at 
any desired distance in a fra£-tii>n of a secontl: and two or inure shot* 
uin be arranged by n very siui]ile contrivance so as to be dischaiged in 
succession. This pivc exactly what was wanted — the means nf getting 
a series of shots R'presenling the ordinary ease of two or more shots 
in a working face, exploding in dose succession, and so diseliarging one, 
two, three, four, or any number at any desired intenal. The commutator 
used was of a very enniisle dcserijiLiou.* 

The tnlies, kV, Fig. \V1., rcprvsenting the shots, which Mr. May was 
good enough t^i have prepareil.Wfiie on the whole as convenient and handy 
a contrivance as could be hiid. They simply ooiiBiated of pitvea of irua 
tubing tap{ied with screws, which could be fastened tight up to the 
end of tlie Inix, and a Hltte wimmI plug udmil(«il of the detonating 
fbae being inserted through tlie breech-piece. With this mntrlvance it 
VIS possible to fire more successful shots in a given time, and slier 
* Tb* BpiMtBtiii wu tbmiglinut iiiid*r the nsnagvnienl of Mr. J. l>nnti, KHc. 



very little experimenting it was ascoi'taine^i tliat, an inturval of two or 
tJiree second*, vai'yinK a little witli the difleiijiil ilnBts, wemed tn Ijc whnt 
wBB wanted. So that one of tlie conditions neceefttry was fairly realised, 
i.e., that the dnst swept np by the pxpliision of the first shot should 
jfo roiind the stwuid aide of the Imx in time t'l lie ignited i>y the shot 
filled from the sewnid " gun.'" 

It is perhaps uiuieccesary tn ^ivt the details of ail the experiments 
which wi;re made in thin apparatnn, iiec^iiBL' they are far more clearly 
repreB(;nt€d npon the tatile of olsorvationa (given in the Appendix No. 2), 
whore it will be seen, tliat while with the clean hox tJie llaah oliservable 
through Uie glass windows cJtti'nded only a *-ery short distance, in nearly 
all the coal dust experiments the lengtJi of the Hame was more or 
less increased — sometimes with a comparatively clear flamo, which 
has been indicated by a firm line; sometimes ivith an appcnrtincc of 
Bparka, which has been indicated by dotted and broken hnes. It niU 
not be necessary to enumerate the ditt^rent kinds of dust which were 
used in these experiments, which included those from very repre- 
sentatiTe specimens of dittereiit coal ^ Welsh, Derbyshire, Yorkshire, 
Scotch, Northumberland, and Durham. Although the authors liuve ab- 
stained from Blatinff the names of the eoljicries from which they were 
obtained, it can I* seen [hat in the character of these different varieties of 
" oonl duat" (which seems to be rather generic than S[)eciflc as a name) 
there were very wide variations indeed. 

One object in these experiments was to find, if posailtle, some standard 
to which to refer with more or less certainty the ultimate results, so 
as to be able to answer the questi(ra which naturally would l>e the first 
to be asked — was there in those experiments anything which cordd lie fairly 
called an " explosion" pRxluc'cd by firing a shot into about four or five 
cubic feet of these mixtures ? In the first place, what is an " explosion" ? 
If by an explosion is understood an action which brings che neighbonrs 
out of their hoiu^es to enquire what is happening, then certainly there 
was not an esploaion at any time during these experiments. But if by 
an explosion is understood an action on a small scale which, magnified 
to a large scale, might produce what is usually termed an explosion, then 
the case is different. There is a wide difference between a soda water 
bottle filled with coal gas and air which produces a " puff" (which might 
be heard in the next room, or might not), and a large room full of 
coal gas Mid air. Here certainly the magnified i-esult of the larger ex- 
periment is very different from that of the small one 5 and the same 
thing would seem to hold good in the experiments which gave the 





I DoiL Dtrsr. 

results just ilcsccilxtd. That is, oven in this gtniill bdx, vltj- hrifrht flashes 
nnii ex]>l(iBif)ii9 were prodnwd, whioh, innttiplicd to tin.' walo of an air- 
way or a lor^e galJery, would yield Boniething which would deserve thi' 
name of un " explosion" proper. 

fn Ifnikirig fur such a staiidani Ui Hhich tii ivfvT, it ot'curred 
to the authors that they mi^ht find one in a uibetancc wull-knovn 
to have produced ptir if explosions on a large scale, and using this on 
the same small scale roi^ht obtain some data for cumparison. Such a 
Bnbstaace iireeented itself in flour dust. It is well known that iMith in 
tliis Cfjuntry and in North Amciica not only have serii)a8 awidents oc- 
cnrred, but that mills have been wTccked by the explosion of nothing hut 
fine fioui' dust mixed ivith air," The authore have been able, by the kind- 
ness of Messrs. Proctor and Sons, to obtain very representative samples of 
flour dust, to the n-snlts obtained from which attention is directed, especially 
to the lino representing an explosion produced in the Haiton apparatus 
with fine flonr dust (Ap|)cndix No. 2, Plate XVII,), and to one which is 
jost a little longer, representing an explosion produced with the finest cool 
dnst from stTeens, which 0w a fair line for comiwrison. Now the effects 
of an explosion of flour dnst, on a lai^ scale, arc perfectly well known, 
and coniiMiring the effect obtained at Harton with flour dust, with the 
effecta produi«d there by the explosion of ooal dust under )>reciacly 
similar conditions, an approximate idea of what an ex]>losion of coal dnat 
itself may do on a birge aeale is anived at. 

This is a simimaiy of the principal results obtained at Harlon Colliery, 
so far as the re-action of powder-shot gases on such a mixture, was cun- 
cenied. Tlien, it was proposed to carry the thing a little f\irther, 
in loct a few preliminary experiments were made as to whether it 
were possible by any means to got w^mI dnst and air mixturea to fire 
at a naked light back into the Iwx. Fnrthcr rcBcarch in this direction was 
renden-d uunecesaary by the reunite which wen' communicated to the 
writt'rs shortly afterwards by a gi.-ntlemnn who does not desire his name 
to be mentioned, bnt who has bad occasion to ob9er\'e, both on a large 
and small scale, the cft^ts of coal dnst brought nnder certain caiidrtions 
in contact with u iiakcil light. The rumlta of these obsirvations mv 
given in Appendix No. 8, as Liearing on luid (vintirming the rceulU 
which have just Iwen given, and some further exjieriments made by 
him are given in Appendix No. 4. The firat iK-curreni-e tn which tbia 
gentleman refera as having led him to examine tlio subject, happened 
so far back as 1871 ; a very mnsidcrablc quantity of dust was accidentallj 
il of Scimoc tad Art*. UetobFr. 1878. 



thrown over some sci-ecna, came back over the flame from a fire, and burnt 
one mail 80 severely that be waa off work for someihing like fourteen 
wcekfi. Then came an occurrence especially inleresting as bearing upon 
Mr. Galloway's theory with regai-d to the presence or gas Ix;ing esaentiaL 
In this i-aae, which occurred in a stone-dritl where, bo far as could be 
ascertained, there was no ijosaibility of gafi bemg present, a certain quantity 
of fine coal dust, brought down by the air current and di-posited in 
the neighbourhood, was dislodged by a blown-out shot. It wna not only 
dislodged and blown up into a cloud, but it fired at the shot goa and 
did a very considerable amount of mischief. In the third case men- 
tioned it is not quite so clear that the explosion was purely trom coal 
duat, for it seemed possible tliat furnace gaa might have been mixed 
np with it. AJIuding t« the comparative experiments which were made 
and tabulated in Ajipendix 4 — they may be said to amount to this : — If 
a fair quantity of fine dry coal dual be taken (amounting in most of 
these experiments to between half-a-gallon and n galli>n) and weighing 
from five to nine pounds, and showered from a sufficient height over 
a flame or fire, so that the fine coal dust is knocked up as it strikes 
the ground into a cloud, if that cloud was only a sufficiently large one. it 
would produce that which, if it was not an explosion, waa at any rate a 
bright and very continued flash (though that flash, as might be eiqiected, 
varied considerably with the conditions of the experiment), extending in 
some cases to a disttmce of 35 feet, and burning everything within its 
course. 



Mr. Freire-Makueco here rejiroduced this exjK'riment in the Lecture 
Boom, by letting various spei^imens of coal dust fall on to a gas bcimer, 
prodndng in each case a large volume of flame, varying with the different 
specimens of coal dust used ; but even with dust taken from wagonways, 
which in every instance was necessarily mixed with all manner of foreign 
matter, the flame was very great. 

He further stated that if this experimeut was repeated witli a couple 
of dozen different coals, after a little practice, the character of the coal of 
which the dust was composed could lie fairly guessed from the kind of 
flasli produced. 



There are one or two other questions which suggest themselves at 
once, and which, although they ai'c purely theoretical, Ijear u]h>u this 
question and upon the conditions which will dctennine it. The writers 
were not very long at work before they found that it was perfectly easy 
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to fire shots in the immediate nfifrlibourhood of coal dnst without pro- 
daciug any jtereeptible effect. There were a mthcr complicated set of 
conditions to be satisfied, and it was necessary, in the first iostain'e, to get 
some idt'u of what the«e oonditions were. It is not in ihe least suggested 
that the data used represented absolutely the truth, but that they gave 
figures uikih which there wot a large margin to " piay with." It is clear 
that with coiU dust siispended in u current of air, it is necessary t4i consider, 
in the first instance, what the cflect of the first access of the ^^as from the 
shot will be. There can be hardly any doubt that this would be like 
putting a match to an atmospheric coal-fire. The fiist effect would be 
to " carbonize" the coal, liberating a certain ijuantity of gas, etu., and, 
if the proportion of ab present is sufficient, firing it. The practical 
question then becomes — will the heat evolved lu the consuinjition of the 
gas from the coal dust Ijc Bufbelcnt to curry on the wmhuBtion — to keep 
the fice burning in fact, and to spread thi-ough any length from the 
district in nhieh the coal dust and air are first so acted on, and arc tlie 
data obtained anfiicieut to indicate whether this would be so or not? In 
the first place, it is known nith reasonable accuracy what the calorific 
valnee of average coals are; and if this is taken roughly at IS or 14 lbs. 
of n-ater lioiloil off itt 100 degrees, it will not be very far wrong. This 
can be translated into a certain definite number of units, and if tliis is 
taken as the total heat producible by the coal dust, there is no doubt that 
tliat would be more than sufficient to propagate the action: but two other 
points require to Iw taken into eonsideration. First of all. the very act 
of gasification of those snl«tanceB — the " ciu-bonizing" of the gas maun- 
tacturer* — absorbed a certain aiiioimt of heat which it would Ix: difficult 
to estimate accurately ; but even if it be assumed that the carbon from the 
coal takes no share in the action — if it be assumed that the coul is simply 
coked by the sbot-gasee, and that therefore anything wanted to propa* 
gate the action most be got exclusively fVom the combustion of the vola- 
tile BHl>atan(««, the writers think that they can still say fi'om these data 
that there will \x letl a certain mai^iri of heat units, whii^. under 
lavourable conditions, woidd be quitv suflicieut to projiagale tlie action 
from one panicle of coal dust to another, provided always that they were 
jnst sufficiently clost^ to each other. 

Here it may be remarked, there seems to bo rather an essential 
difference between a solid c»mbustible like coal dust or carbon mixed 
with air. and a mixture of Iwo or more gases, as to the conditions 

* Mr. Hiinlli<.<if Uw N'vntutlv <>■■ Ci>., [ut<>riiu> u> 

rojuiivd III iinu-Uva ^> nrhiitiiir uiw b ( i>i>l. It 

' *^ ' br uimnMl to Im mucti iiKililv rhat tlguK 
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required for explueive nctkm. In the rase nf f^ae mixud with air 
the (■nnil>ustiim (■■.m lie Mbi))[>ed, or at Icaat it« rat« of propagation 
(decked and gradually diininlslit-d, until it could aoarccly be called 
an explosion, by adding an excesH of either of the constituent ttnt' 
cemed in the i-e-actiuu. If there is a perfectly ex]iluBive mixture uf 
hydrogen and usygen, it does nut mutter if it is diiutt'd with iiir or with 
either H or O, a nim-exploeive point is at la«t reached ; but although the 
action is largely diminiahed iu tiirce by u largely incitiUHed iiercentage of 
solid cumbastiblc uiatt4?r, it does nut check it to the same extent as if it 
was a gas. 

Mr. Frbiuk-Marheuj then iirocceded U.> show by another e.xjieriuieut 
that the volatile jn>rtionB of the coal might not be the only means of pi-opa- 
gsting the explosion. He did not say that the ex]>eriment might not be taken 
objet^on Ui, as nut being nbsolntcly unalogons to coal gas and air. hv- 
cause what he was going to employ was u solid combustible ou'Ikiu, 
which is more easily handled than coal dust, iitid, thereFore, char<.»^al bus 
been taken. True, coat dust might l>e heated to the some piiiit, but not 
without coking; anthracite might be used, but it would do little more than 
give carbon, so that the exjK'riment may as well be made this way. Mr. 
MiUTcco then took powdered charcoal and heated it to a dull red, and then 
sliuok it into a vessel containing oxygen, first in small portions at a time and 
then in a mass. In the flrst instance the titiely divided charcoal showered 
down in small quantity caught fire, aud burut with a tliish which might be 
easily mistaken tor a combustible mixture of gases ; in the second place, 
when the whole quantity was thro\ni into the oxygen, u more violent 
combustion tix>k place, driving up a CLTtaiu small but tolembly definite 
quantity of the carbon, which he stated, in some cases reached as 
far as the ceiling. The one thing required is to see that the carbon is 
fairly hot. Of amrse it need hardly be jHiinted out that this cxiwriment 
could not be made with coking coal, because long before the coal could 
be got up to the [)oint uf burning it would at least be partly coked, and 
it Would be no longer in a state of fine powder. The experiment waa not 
at all a new one; it was one which has been iu occasional use in lectm'es lor 
a long time past for the puiposc of allowing that a solid could bum 
with a flash, bnt it was one which might well be used for the purposes of 
this illustration, and it seemed to him, under coiTection, that the principal 
intci'cst of this c.tjuriment was tliat it proved clearly enough tliat if 
any notable quantity of the solid carbon i-emaining fit>ni the coiil 
dust after coking by the sliot gases took part iu the re-action, that 
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that there wimM be u very much larger raar^n to work ujion than if the 
;I0 or 411 |.er it?iit, nf volatile luattir only, whiirh ie the oiiWide that 
conld be exi>ix;ted fi-om ordinary '■ bituminoTiB" coal, were coneidered.* It 
ivonld be oliscrred that the cffett of Blinking the hot dual in a very 
small r|nimtity wiis to give uotbin<.' more than jnnt a flaeh — a flash ijnite 
US bright fis if a mixture of gm with the oxj-gen bad been fired, aod u 
tbe ]iro|Kjrtion was penally iiuTenflcd, so lon^ aa there wae any tiucoa- 
Biiuiud iMiyff}j], the resulu were lietter anil bt-ttc-r. Mr, Mnrreco then 
pointed out tliat the full f}U8ntity of red hot carl>on used wiib far more 
than sufficient for tbe sinall quantity of osygcn which there was to work 
on, but he considure*! that the reaidt, hucU as it waa, gave a tair represen- 
tation of a pit explosicin on a small scale. 

The aiithore, in ixmclusion, would like to tall att^'ntiuu Ui one net of 
experimcntA whieli it apjienrn to them to fit \'ury iierfectlj into theti^ 
They are those of Mr. Hall.t who has experimented n|ion a mmh hrgex 
scale, bnt with what was in tdl eKteiitials the same apparatus, for Mr. Hall's 
heavy [towder shot fired at the end of a drift strewed with coal dust waa 
really the same thing, on a much larger siwle, as the boxtsnow described. 
It was a matter i>f very tittle consiHpienaj whic)i of tbeee sets of experi- 
ments was mai.le firat, for from tiie results now given it might have been 
expected that Mr. Halt's resnlts would have Iteen the same, multiplied in 
IirojMirtion to the iliffert'nw between the magnitude of the experimental 
or if they had started tVum Mr. Hall's experiment* and reduced the dimen- 
sions of his drift to the dimensions of their box, they would have expected 
to get cxat^'tty the same results as tbey had got with similar dust. 
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dwa^ 
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The table of obstTvatious inserted here gives the detjiils of a 
experiments made at Harton. The letters E', E', and E' indio 
first, second, and third east windows, and the letters W, W*. and 'S 
tinU siciuid. and third west windows. When the shot A was tirod, tbe 
flame waa otuen'ed Irom tbe east nindows; and when the sliot C was fired, 
tin; fiiuni- wan olwervMl tiMiu tlie wi-st windows. These results are shown 
together in a diagram given on E'lato WII, 

* nil' aiuilvon of lli(< ■-.Ml >1i»l »l.u'1i luw Ihi'.< n-.^.! Imtc i<..t Wii nilnpktfd. 
Inil iL lu- Iw foiiiiil tiMl Ilii7 luul Iml ■ rmtlHT liirg)< ]>ir1i«ii iif tW vnlatlle Tn>U«r 
wliU-h tlir; titiiclit liftvp Imtii I'tjin-Uil to euut■iIl-^uukIllK U> tb« dutrutcr li ilia 
Msnu fnnn whii'h thej were darived. 



t TniuMcUotu, VoU XXV., p. S4S. 
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Flune .. 
Ylume .. 



Fun Imnt Ihix. 

Klue i^' window blown ant by Et glint, 
d uU Bnbaoquent eiperiincnte. A 



Kbii t I'vcrj jnint of box. 



FUiue Flai 5 nnd smoke from centre lid and ootlet. 

if boi, bnkttice blown down, no effect. 
Hninc ... ... Vma , BCBeEquExr bxfbbiiisntb— Fino powder. 

Flame ... t. 

Florae Flm . 

Flume,.. ... Flm ploBion on west aide, fine powder. 

FUmc Flui iB. more violent report, Hne powder. 

V\axae Flui i v^lh redjlamt oh both tidtl. 

Flame Flui «i. heat iuteniie. 

Fliu le, beat intense. 

Flai >ke. 

experiment, g'DDs pointed down. 



Flui nKbliaij gunpotuder, both ehuta ihowvd it weit 



Flume henvj , 
t Flame and smoke I 



f 



itre lid alightlj lifted, very little smoke. 
Flat led, beavy brown smoke. 
Flai id llf ttd, blue smoke, flame sharp, meabliiig 

.1 lifted, aharp flash and report^ little smoke. 

It lifted, boi sbif ted, heavy clood of black id 
exploixBa get obiervid. 
i(;ht-co1oured flame, grejiah smoke. 
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APPENDIX N... 



-PI.ATK XVII. 



IHAtillAM OK I.KMITH OK FLAME OBSERVKO TilUoriiH WIXDOWS 
IN SIDES OK BOX. 
In order to show inoi-e clcfirly the relative effects of the varioiia ex- 
jilosiouB, tlie diagram shown on Piatt XVII. haa Iteen preiiai-ed, in ivliich 
the length of the flames prodnwd is shouTi by ineaiiR of ilark lines ; E', 
E", and E' rcjireBL'Titinj! thu oast windows, and W, W, and W reppe- 
acnting the west windowH. The lines represeiitinf; the two shots fired 
in each expcriTuent are hnickett-d together, the nppcr line reprewnting 
the flame pnidmrd by the shot A, nufi the lower Hue tiiat iirmhu-ed hy 
the shut C. 

APPENDIX No. 3. 

AlTTHE.NTICiTEl) CASES OF COAL DUST EXI'l.OStOXS. 
There have been four well -authenticated (^aseB of coul dust eiplosiona 
at a wlliery, the name of which it is unnecessary to give, within recent 
yoiTH, but with the exception of the Itifit none have l>eeu ptirtieiilarly 
recorded. Eye witnesses of each, however, are still resident on the colliery, 
and from them the folkming particulars have been obtained: — 

FUIST. 

This took place tonards the end of ISJO, or the beginning of 1871, 
npon screens, under the following circumstances. Deals were fixed over 
the gaslights npon the screens Ui prevent the rain-water trickling 
through the heapstead from falling on them. One very stormy day these 
blew loose, and a man was sent tti pull some of them iovm. While 
BO engaged a quantity of dust fell into the flame lielow and e.'qiloded, 
severely burning one of the screenmeu, who was off work fourteen 
weeks in consequence. The flame is desenhed as rising as high as the 
henpatead would permit it, and being very hot. Another man, who waa 
working on the next screen, felt the heat very strongly, but was not 
actually burnt. 

SKrOND. 

Towards the end ol' \H'2 some workmen wurv engaged shooting out 
refuge holes in a stone drift near the do\ra-ca8t sliaft. where a large 
amonnt of fine coal dust was deptjsited after coming down the shaft 
with the air current. Two of the men drilled a hole about 15 inches 
long, directly horizontal into the side, giving it no vantage whatever. 
As a matter of course the chaise blew the stemming, and t/tejlath iffnHcd 
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Ihfi cloud of liimt rahfid hi/ the shoeh. A considerable c-xploaion resulted. 
ivhieli at the time ranee*! some conaternntioii, na most of the men attri- 
liutwl it to gas, !iltliong:li tliere cnnnot be the shghtest doubt as Ui tiie 
dust being the raiise nl" it, the explosion being in tbi- main intake \a^ 
X(i. -A I'it where 'rem m to CO.ttflO tnbic feet "fair |iHR8C<t jvi 



THinn. 

This oceuiTed at bank some time during the spring of lR7(i, but for 
wime nncxplained reason \\e» nnt reported at the time. The eircnm- 
stance was this: While one of the fii-cmcn omplojed nt No. 2 Pit 1>oiler 
1VI1S enfpigod in picking his tire, a. boy turned a tub of coals into a sort 
of hopper at the back of the boilers fi-ora which the firemen i-btain their 
supply of ixmls: this being almost empty nt the time, a great clond of dnst 
was mised, which, coming ont of the small an-lnvay through which the ooals 
pasB, travelled towards the boiler fii-o. It there expliMledniid burnt one of 
the men. wlm wns rttf woi'k a few dflVB. 






FOURTH. 

This oconiTC'd on the screens, on July IDth of the present j-wr. 
Some coal dust, lying on a sort of " picture'' over one of them, suddenly 
fell off. The dust was ignited by the gas jet bnmiiig beneath, and an 
explosion resulted. The flame was bright and veiy hot. The flash 
reached the hea|wtea<l and there ilinlodfffid noiae inorf ihml, iibifh ayain 
pT/,lodflel. Had the two screenmeii not thi-own themselves off the serpen 
into the waggon at some risk of their necks, they woidd have been 
severely burnt, but as it happencil they got off pretty lightly, thongh one 
of them WHS unable to work for about throe weeks. Snine of their elothea, 
hanging above their heads, were so burnt as to be useless. 

After this last affair happened, some experiments were made on the 
exploBive ]towcr of dnst, the results of which are apijonded hereto, and 
though rude in fonii, clearly shuw thiit under certain circumstances a 
cloud of coal dnst will explmle with considerable violence. 
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In the above experiinente the duet was dro]tped on t/i the ground by 


the aido and partly on the U)\i of a small fire kindled abonl eighteen inches 


ftbovB the iovel of the surfiioe. As the clond of dust rose from the ground 


the wind oarried it right iuto thc^ tire. It waa found that wilfM Vie firr 


wa» ftamimi frtfly it did not igniie the dnst bo well. No. 11, 12, and IS 


cxperimeiitB were tried with duat alinoat aa pnre aa that obtained from 


bank: all the utlier nnderet^niid dust was more or leas mixed with foreign 


matter. 


APPENDIX No. 5. 


KUItTHER KXi'KKIMENTS TO ASCERTAIN THE EXPLOSiVE POWER OF 




COAL DUST, MADE IN THE COUNTY QV DURHAM IN AUGUST. 1878. 
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In the experimentB given in Appendix No. 4 the dust was dropped on 
tn tbe ETonnd from an elevation of 12 feet : both ae it fcU fwith the 
esception of No. 9) and aa it rose ^aiii, the clond cjune Id contact with 
the flame of a ^;aa jet, ieBuiii<; from » lialf-inc'h btinicr. It is not easy 
to make any com|iftris«ii of the fon-e of the explosion, but Noa. 1, 10, 
11, 1?, and 13, of these experiments, and Nos. 7. H, and 11, of those in 
Appendix 5, would be equal in appearance to saj 4 or S lbs. of loose 
powder set fire to on the surfaw, thoiiph that is iinilialily an under estimate. 



Mr. Freiee-Mabheoo then stated that he wbb led to tiiink that while it 
was impossible to get on this scale anything which can, strictly speaking, 
be ealkd absolutely an explosion irom coal dust, a result could, nevertheless, 
be obtained whir^b is capable of doing considerable damage, and at any 
rate capable of lengthening; to an indefinite eiteut the flame from the 
blown-out shot ; and that it is not altogether improbable luider certain 
conditions — these conditions, however, be could hardly as yet properly de- 
fine — that such a mixture may be made which sbtaild not require the start 
fhim the gases of a bkivm-out shot, bnt which should reijuii-e only tbe com- 
paratively small initiat(.iry stimulus which is represented by the match 
which lights a fire. Tliat was the thing which they had yet to work out. 
There could lie hardly any doubt abcmt it, that they could lengthen out 
these shots — or rather their flame — by the very coal dust which they 
knock uj) for themselves. So that it may l>c said that they lay their fire 
and light it too. Bnt the question bad still to !« worked out, whether 
coal dust and air can, under certain conditions, be made to reproduce at 
a very distant point the phenomeuoii which was deeerilied in Appendices 
Nob. 4 and 5. He could not say. but his own belief was that it could be 
done, and that they had only to find out the necessary variations of 
conditions to do It. 

Mr. A. L. Bteavunson remarked that several years ago he remem- 
bered an accident which occurred from the effects of a blown-out shot, 
which showed the great length the flaine fVom these shots was projected. 
Before the shot was fired the deputy had earefidly examined the place and 
found it entirely free from gas. The place was driven up about ten yards, 
across the end of the bord an iron tub was standing, and behind this 
tub ft man was sitting without his shirt, as he thought, in a place of 
safety ; but after the explosion of the shot he was found to be bo severely 
burnt that be died from the effects of the injurits he had recei*ed. On 
examining the tub distinct marks of the pellets of the blasting powder 
were discovered, showing that the shot had fired from the lower or inner 
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end Biid had projected Bome unbimit powder as &r as the tub, exempli- 
fying in the most striking manner the efl'ects of ti blown-out shot at the 
distance of 10 yardB. and shomng that the effect of shots was far more 
powerftil than was generally allowed. In the Clevelaii<l ironstiine distriot, 
of course, thei'e nas no wa\ dnst, and although i^ia was at tiiucB to aimie 
BXteiit present, yet prm'tieally it might Iw considered ob entirely aWiit 
where blafilinir wns Iwitif: t-urried on, yet in these ironstone mines he 
hftd Been the flame trom blonn-ont shote extend iis far as (ifl«en yards. 
At the Paris Exhibition a pentleman had shown him an invention for 
preventing flame iasuing from the explosion of a eartridge, by tamping 
the shot with water encloBcd in » sort of cartridge, which was placed over 
the powder, and the water was expelled with the eX])lo8ion. He omld 
not Bay how far this would effect the obje^'t desii'ed, bnt he was assnrcd 
by the invcuturand paUnitee thni il answered perfectly. In conclnsion, 
he liad mneh pleasure in proposing a vote of thanks to MeBarB. Starreou 
and Morison for the very valuable information they had given. 

The President seconded the motion, which was unanimouBly carried. 

Mr. LiSDRAY Wood tvished to kuo^v from what part of the mine the 
coal dust had been obtained fiir the pui-jiostifl of the experiments. He bad 
known small qnantities of coal dust fire, or, as it were, expli>de, hut then 
it was in jMirtaof the eoUiery where the dust was oorajiaratively pure coal, 
and not mixed with the fire clay and other impurities trodden up by the 
ponies which constitut* bo large a portion of the dust in the working part 
of the pit. 

Mr. FllElRK-MAltltH(» said, in reply, that he did not eonsider that 
absolutely pure uiul dust gave neccBsarily the strongest jHissihle eiplusiou. 
They had used dust from the wagouways that was very ujiisiderably mixed 
with foreign matters, such as fire cluy and horse dirt, and which gave 
very ooiuiderahle results. But one of the strongest effects obtained was 
from dust taken fruui a sttme drift way where it had Iweu depusited by 
tliQ current of air. 

Mr. MoHigoN — Tliis dust was exceedingly tine. 

Professor Hekschel said that he did not wuBider it nect.'ssary that 
the dust should !« so inipalpably tine to CHUse it to explode. He had 
experimented liy shaking up the oi'dinary ttour of commcnx: in » dry 
state in a box containing a light, and had sucewdcd in (iroducing au 
esploBioD that had lifted the cover of the bui. U ia tnie lie had only 
suix.'ceded luice iu this exjierimeiit, but it showed that the eiitiMitx' fiiic- 
nese nf the dust waa nut abmilutely iiecussary U> proditit: an exjilimcin. 

Mr. Cot^URANE, in reply to a •piestion, suid tliat iheiv liud lieeu ex* 
plosions from siiigk- shots. 



Mr. MoRisoN exjilained that the reason they had Becond shotB was 
because the coa] dust ha»l to be disturbed, and they fuund that in no 
way eoidd ii be au easily mixed with the air in the box an by the firing of 
a shot ! iind, afttT repeattd experiments, they found that liy exploding the 
shots rapidly one after another (which they were enabled to do by means 
of electricity) the second shot went off while the coal dust was intimately 
mixed with the air in the hox, but in all caaes the length of tliu flame 
resulting from the First shot was rceorded in the table, and they could 
jud)^' for themselves of the relative efl'ecta of the shots. 

Mr. Stbavessus asked if they might not have mistaken the cxpkision 
of grains of powder unconsumed in the barrel of the cannon as they passed 
by the windows for the explosion of coal dust ? 

Mr. MoKisoN stated that the charge used was not the quantity usually 
put in a shot in a mine, but only a aiuch smaller quantity, one, in fact, 
reduced in pro|xjrtion to the area of face of the model box as oompai'ed 
with an oi'dinary working place, and thus thei'c was a very small chance 
of any of the powder being onconstuued after it left the chamber of tlie 
cannon. 

The Pbebident asked if they had put any valves apon the top of the 
box to ascertain if there was any pressure inwards or outwards during 
the time of the explosion ? 

Mr. FhgirB'Mabueco explained that they liad endea^'oured to ascertain 
if there had been any inward or outward pressure during tlie experiment 
(for he thought that tiiere would be both) by means of a recoi'ding water 
gauge, but owing to the water oscillating so much they were obliged to 
discontinue its nse ; however, they might possibly aseertain this by fui'ther 
experiments in the laboratory. 

Mr. MoRisos said that they had aiJWtm-cs in the top of the box, through 
which the coal dust was inserted, aud that these were covered with 
boards secured by weights, aud in heavy explosions these were sometimes 
blown ofl', aud when so, it was invariably those apertures fui'thest from 
the shot that were so disturbed, probably from the effect of the fresh air 
rushing in after the explosion. 

The Pkehident stated that he knew several cases where men had 

been burnt under circumBtances similar to those describe<l by Mr. 

St«avcnBon, aud he had no doubt that the experience of muny other 

■ members would enable tliem to confirm his testimony when the paper, 

I after having been printed and in the Lauds of the members, was brought 

up for discussion. 

The meeting then supaiiited. 
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VISIT TO BROWNEY COLLIERY. 



XUVEHUKH SUt. IWH. 



ABonr eighty members of the Institute availttl themHilves uf the kind 
invitation nf Messrs. Hell ilntthera, to view this otiUiery, and examine 
the ajiparatus for Btiviutr lalxtur in the manufacture of coke — the inventiun 
of Messrs. Bell, Harie, and Cleugh— the Sehiole fan, and the manyobjecta 
of interest to Iw set-n in this admirably laid out coilicry. 

The visitors were coni'eyed to the colliery by the oidinaiy ti^ains, 
extra carriages ftir their acconiniodatiou having I)een kindly provided by 
the officials of the North-Easteni Railwn)' Company. They were re- 
ceived by Mr. A. L. Stcavenson, the chief engineer to the company, who 
conrteously explained the many oltjeots of interest there were to examine. 

The apparatus attached to the coke-ovens for saiing labour is fully 
descrihed at page 127, Vol. XXVII, of the Transactions. As adapted to 
this colliery, it is made Ui serve 47 uvcns of the ordinary beehive fonn. 
The tray or belt is about 200 yards kmg, and runs the whole length of the 
ovens, immediately lielow the oven doors. It is driven by a single engine, 
15^ inches diameter, and 8 feet stroke, which is considered large enough 
not only for the work it is at present doinjj, but also to drive the ap- 
paratus, which will abortly be applied to the rest of the ovens, 150 in 
nnmber, since at present the actual indicated horse-iHJwer required is 
only eight. 

The average charge of each oven is (i tons lU cwts., and this yields 
about i tons of coke. The ovens are drawn throe times a fortnight. 
Previous to the application of this apparatus the men were paid Is. 'J^d. 
I per oven for drawing alone. The drawing now costs Is. 2d. per oven. 

The fining, which formerly cost l«npenee per o\en, is now done without 

■ sianual labtjur. Each man now draws four ovens in a day of eight hours, 
tirhile formerly he could only draw two ; and the cost of labour has 

■ altogether been reduced more than one-half. 
The whole of the heat passing from the coke-ovens is utilised in 

I beating the boilers upon the wjlliery. These are ten in number, GO feet 
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long, 5 feet in diameter. There are two chinineya. each 130 feet in 
height, and ho |)erfect is the combiiatiun that on the dearest day not a 
particle of smoke can be seen. 

The coij used for supplying the ovens is a mixture of one-third from 
the Busty seam and two-thirds fmm the Brockwell scam, the former aeam 
lying at a dc[ith uf 80 fathoms, and the hitter at u depth uf lUO fathoms. 
The whole of the coal whii^h does not pass through the screens is 
crushed by one iif Carr's disintegrators bi-forc being ooked. 

The visitiirs were conducted down the shall to \-ievr one uf Schiele's 
ventilators, in the Biuckwell seam, at a distance of 50 yanls from the 
shaft. The diameter of the fan i& 7 feet, and at the time of the visit waa 
making about 200 revolutions per minute ; it is driven by a horizontal 
engine !) inches diameter and 1 i inches stroke, working at 1 00 revolutions 
per miunte. The quantity of air delivered at these vplocities is .S5,000 
cubic feel per minute. Tiie fan can, however, be bo driven as to produce 
a much greater effect. 

Mr, Steavesson stated that the colliery liad lieen cummenced in the 
early part of the good times. The LIutt<iu seimi was tiret ri'Mchi-d 
at a depth uf 36 fathoms; and although the quahty was not all that 
could Iw desired, yet as Uie demand for ojilI uas so great, it was deter- 
mined to stop sinking and to work tbe I'lml, continuing the sinking in 
the other pit to the west. I[i're, at h depth iif tiO fathoms, they met 
with basalt, not a mere dyke, but a comiuict horizontal layer li) feet 
thick, of an exceedingly hard characti-r, so much so that four months 
were occupied in sinking through it. Tbcn the Itiisty seam was reached 
at a depth of 80 fathoms, and ultimately the Brockwell at a depth of lOO 
fathoms. The Busty scum is 4 It. ^ in. thick, of tiiir, average quality, 
with a small band of clay. *Tlie BrockwcH is alwut 3 II. thick. 

Alter viewing tlie coiiiery, tlie visitors were assembled in one of tbe 
buiidings, where luncheon was jirovided by tlie owners ; and after a vote 
of tiianks had been given to Messrs. Bell Brothers for their kind 
invitation, and tt> Mr. A. L. Steavenson for his courteous ret.t'ption, the 
membeni separated. 
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PROCEEDINGS. 



GENERAL MEETIX(;. SATURDAY, DECEMBER 7th, 1878, IN THE 

WOOD MEMORIAL HALL. 



a. C. (JREEXWELL, Esq., Prbstdrxt, iv the Chair. 



The Secretary read the minutes of tlie last ^enenil meeting, and 
reported the proceedings of the Council. 
The following gentlemen were elected : — 

Associates— 

Mr. William Phicuard, M.E., Navigiition and Deop Duifryii Collierieft, 

Mountain Ash, South Wales. 
Mr. JoHX Thompson, Heworth Colliery, Heworth. 

The following were nominated for election at the next meeting : — 

Ordinary Member — 

Mr. Tom Pattinson Martin, Colliery Manager, AUhallows Colliery, Mealagate, 
Carlisle. 

Associate - 
Mr. Louis Clotih, 1, Horouph Houses, (laitesheatl-on-Tyne. 

Students — 

Mr. A. B. Blakelky, Holly royd, Dewsbury. 

Mr. H. Child, Whit kirk, ni«ar 1-kxhIs. 

Mr. Jos. Wm. Pattison, Londonderry Offices, Seahani Harbour. 

Mr. Septimus H. Hrdley, Londonderry Offices, Si>ahaui Harbour. 

Mr. Thomas Smith, Li>adg}ite, County of Durham. 



The President said that the Council had decided that Mr. J. D. 
KendalFs paper, " On the Hematite l)eiK)8its of West Cumberland," 
ghpuld be taken as read, and discussed at a future meeting. 
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K HRMATITE JJKPllSITft OF WKST OUXBERI.AJm, 



THfi HEMATTTR DEPOSITS OF WEST CUMBERLAND. 



Hv .1. I). KENDALL, C.E., l-'.d.H. 



I'AHT l.-INTRODliUTOUV. 

Pbbhaps t)itTc is no rtiBtrict at eqiinl importance in the whole of the 

Britiflh Isles whioh has rctrfivedso little attention Ihini men of adence as 

the hematite district of West C'liraberland. As far aa the author is 

aware, with the exception of one or two papers of hia own, there is not in 

the whole literature of geology and mining a notice of these dejwsitB 

which extends over more thun a page or two. That being sfi, it seemed 

to he a voiy fit subject to bring before this Institute, That it has not 

been dealt with by some of the members before, is somewhat surprising, 

5 that 80 many of them are now more or less directly interested in 

I iron trade, the recent rapid development of wjiich is in a great 

wure due to Bessemer's diseovery in connection with hematite. This 

I'fleglect of the subject cannot be due to its uninteresting nature, for so 

I long as such ijuestions na — How did the deposits originate? What la 

leir age ? and Where are they to lie found ? — remain unanswered, the 

■object can never be uninteresting. Perhaps it has been thought to be a 

■ more for the consideration of the geologist than the mining 

K'Cngineer. But that is not so, for if not the whole, clearly the last of the 

I above questions very deeply affects the mining engineer. 

I the intention of the writer to deal with each of the above 
f- questions, but to confine the present communication to the two first. 

As in science generally, so in reterence to questions such as the above, 
Pfthe more those facts arc known which are to be diacovercd only by 
r\'ation, the more easy it will l>e to arrive at facts by inference, and 
I conaeqnently the sooner it will be possible to see an explanation of the 
Aenomena under investigation. It is proposed, therefore, in the con- 
P'Bideration of these questions tn introduce as many facts of observation aa 
[ipoBBible. Many of these observations will no doubt be found quite new, 
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even to th<isc who ore wtirking the depi.«its day by day, whilst many 
more of them have not Iwen previously recorded. 

That iwrt of West Cimiburluiiil in which these hematite deposits 
o«mr may be roughly described as a belt of country, of ^-arying width, 
extending along the sea coast from Millom on the south to Whitehaven 
ou tiie ncirtli, a distance of about twenty-nine miles ; its grcftteet width 
being about eight miles. (See Plate XVIII.) Along the laudwEird edge 
of this belt stand some of the western mountains of the lake country, 
which vary in aiipcarance according to the natni'e of the rocts of which 
they are fonned, being sometimes of a rough iind ni^;:ed outline, at otliers 
smooth and regular. Between this mountainous tract and the sea, the 
ground is low and gently undulating, seldom rising above 400 feet, and 
being mostly below the l.'ifi feet contour. 

The hematite deposits hitherto worked went in the oentrc and at the 
extreme ends of this belt : those in the north l>eirig alomt Keltou, tSulter, 
Winder, Friziugton, (.'lentor Moor, and Bigrigg, and those in the Bi>uth at 
Hodlmrrow anil Walvr Blenn. The deposils in tlio central part of the 
belt being in the hills aWit Eekdnle. 

The geological systems represented in the district are not imnieroiw, 
but they are very well (ieve!o]*d. Their relation to one another will be 
best nnderstood by reference t<) Fig. I, Plate XXI,. which shows the 
various rock groU|« nmking up ench system, as well as where they coufumi 
and where they arc uuc^m forma ble. 

The extent of these rock groups on the Burfaa- is shown on Plate 
XVIll. Plates XIX. and XX. are enlargements of the north and south 
cuds of the illstriet resjieetivuly. They show the geological Btnioliire 
more in detail ; these raajis n^nder nnneix-ssary any written descriptiou of 
the ext«nt of the various rocks, but it will be needful to say something 
as to their lithologicnl constitution and Ihcir stratigntphicid relations. 
This will be done as brieUy as posible, only in the rase of some of the 
rock gmupiB more intimately omuected with the subject und^ omBldera- 
tion it will Ix^ rojuisite to go si>mewhat into detail iN-'forc some of the 
orgnmenls to be bmught forward hereiifter iiui U- fnlly apjirecialvd. 

(JuANiTK is found only at one p-jint. as shown at ff ij. Plate XVIII. 
It w kuotm as tlie Eskdule giitnile. tHim ihe fact that it is mainly found 
in that Iwality. lis i!i>lour varies fnun grey to nnl, iK'wrding to the 
(»lour of its fclB|wr. Several deposit of hematite have been worked in 
it, bnt only one to any extent, that is the vein in Xab <iill, near the Iloott 
in Esktiale. The comjiisitinu of this nw-k, as given in thu "Survey 
Memoir of the Lake District" (northern jinrt), is as follows : — 
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100-000 

Skibdaw Slate lui'ina luiich o!' the high ftroutid uear Kiiiiei-dale, in 
the N.E. [wrtiuii of the district, and alao the monutain of Black Comb in 
the south. (Plate XVIII.) It maybe looked upou as the basement 
rock of the district. It cousiets of bluish, greenish, and purp!y-grey 
mudstones. and gi'ejiah grits, which arc Bometimea spotted with purple or 
brown. Neither of tliese rocks are much used for economic purposes, 
purtly on awsoimt of the ease with which the atmosphero and other 
meteoric ^euciea act upou them, and partly on acuoiint of their beiug so 
much split up by joints. Their thickness is uncertain, but has been 
Tariously estimated at from 5,(M)0 tu 111,000 teet. Owing, however, to 
the great similarity of the beds, and the ciiuBe((ueut difficulty of detecting 
faults, their real thickness is probably less. For the some reasou the 
siiceession of beds has not yet been properly ascertained, so that it is 
imposaible to ln' ipiito sure of tlie horizon of many of theui. They ai-e 
generally inclined at high angles, which vary both in direction and 
amonnt. In ten square yards of ground they have been seen to dip to 
the torn" principal points of the compass, at angles with the horizon 
varying from 45 to 80 degi-ees. They are, moreover, much split up by 
joints, which range thcmBclveB into two sets — one set running about 15 
degrees N.E. and S.W., and the otlier about it7 degrees N.W. and y.E, 
Sometimes the dip and strike of the strata con-espond with one of these 
sets of joints. The rocks have tlitn a flaggy iipjieurance; Init more 
generally the beds are intersected by both seta, in which case the rocks, 
owii^ to tlieir thin l>edding, have a very broken ajipearance. Hematite 
has been found in this group at sevei-al places, but in workable quantity 
only at Kelton Fell and Knotimurton. 

The composition of the Skiddaw Slute as it exists at Red Pike, not far 
from Knookmurton, is given in the " Lake District Memoir" as follows: — 
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W>tar 



ITOi 



IWKM) 

BoitROWDALE dEBtES. — The vulcouic lavus and nahes of this aeriee, 
usuaUv knoivii as the Green SlatpB and Forphyrji*, Ibrni tlie rcmuirijng 
portion of the high ground in the eastern dde of the district. It is 
through these rocks that the Eskdale gninite last risra in its passa;;rc to 
the sur&ce, aa shown in Plate XVlll. and Plate .VXI., Fig. 1. Hematite 
has been found In the aeries ut a great mauj places, hut only in very siukU 
quantitjr, bo email, indeed, that it has never, so Jar the writer knows, been 
worked. 

CoNiSTON Series. — These consist of Coniston Limestone, Conieton 
Grits, and C'oniston Flaps, and occupy hut a small area in the sonthem 
part of the district. The limestone fonnatiim ootmra sometimes as one solid 
bed of limestone, at others it is found in somewhat ihinnpf beds, whidi 
ore interstratified with limey shales. It is generally of a devp blne-^Tcy 
colour, and some of the more shaley poniona weather very much. Usually 
it is inulined at very high angles, sometimes being nearly ou end. The 
grita and Bags are of a very hard and durable nature, and are nmeh used 
for building purposes. Thuy occur alternately throughout tlie njii»er jiurt 
of the aeries. Hematite is not abundant in these rook*, hut in tht- limc- 
stiine at Water Bkun a dejiosit has ln-eu worked for Bi.ime time. The 
writer is not aware that any has been found in tlie grits and flags. 

Cabbonipbrous Lihkhtoxe. — This is the most important group of 
rooks in the district, as in it are found those innnense (le))osiU of Ilemn- 
dte through which the district lias become so famous. It rests Uunsgrea- 
■ively on the dcnudc-d edges of the Silurians, lying somelinirs on the 
Skiddaw Slate, as iu the uortheni imrl of the distrirt, ( Plalc XXI., 
F'^g. i.) At other times it may 1h- found u{hiii iIk' It<>rr><wdak urCoDi- 
ston !JerivS| ns between tiilecn^ll mid Alilloui. 
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It di[)B to the west or north-west, at angles varying from 12 to 30 
degrees with the horizon, acd may be Baid generally to conBJBt of alterna- 
tiotu of limestoDe, sandstone, and ehale. The limestone is the most folly 
deyeloped, and in the northern part of the district owupies about two- 
thirds of the whole group. From the correlation of a great number of 
sections which have bet>n obtained, either by b4)ring or sinking between 
Rowrah and Egremont, the writer considers thut it may be divided into 
six distinct beds, as shown in Plate XXI., Fig. 3. 

The thicknesses of these Imiestone beds iire as follows : — 



Tint OP Langlmrn Limestone (one aoliil Iwd of Limettoue) 



Third or Ctints Limoat<)[ 
nf tht disti 
VoaHh I.iin,-»tDi» 
Fiftl. .i... 

Sixth or Bottiim Liini^ 



(tplit up vnrional; in ilKfcrpiit parU 
■t by mrnuT li«U of kIibIi', etc.) . 2 



M a rule, the First Limestone is thicker about Bigrigg than in the 
Winder locality ; but. on the other hand, the Third Limestone ia thicker 
ftt Winder than about Bigrigg. The other beds do not varj' much in the 
two localities. The greatest thickneaa known to the author as having 
been proved at one point is 758 feet; this was at WinUcrGill, with the 
diamond rock borer. The whole sis beds were passed through, the last 
one resting upon the Skiddaw Slate. At Bigrigg the whole of the beds 
have not yet been passed through at one point, but by adding together 
different sections the thickness of the Limestone Series there is found to 
be about 620 feet. 

The strata separating the various beds of limestone, as shown by the 
darker bands in Plate XXL, Fig, S, oousist of alternations of shale and 
sandstone, and sometimes a thin layer or two of limestone ; bnt these 
beds follow no regdar order in the different parts of the district. This is 
illuBtrated by the thick mass separating the Second and Third Limestones. 
About Winder this intennediate bed consists mainly of dark shale. At 
Bigrigg it is nearly all sandstone, whilst between these two places it is 
made up of both ahaJe and sandstone in varying proportions, tiie sand- 
stone becoming less and the shale thicker as Winder is approached. 

At the south cud of the district, that is about Miliom, these rocks have 
not beeu very well proved ; but they seem to follow the form of develop- 
ment of the Furnesa rocks rather than of those just described. There 
the group consisla of four principal divisions : the basement conglomerate, 
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.,i:iiilly in thosi.' . 
. r . %JF'^* luit,'e fk-i-JBiUwHiur in the ' 
Honnowi.Ai..: Shbib ^^^Tth^ north it hoa been found in 

uBUaUy known as the fmmon or Isbb importance have been. 

|H,rtkm of the \af „..,n. A few of these deposit* may perhapa 

lhriiuj{li these r ^ 

liicBiiriiM»,«f ,,„„'l,(.m Limestone there are f ! ) The Windo- Om 

hiut been •■ ^-^"J^^t .„.i; »t Agnes I'lt; (3) The Parkside nod Croasgil! 
(■'' CrwHTarth deposit; (."i) The top depoBits ut Rigrigg; 
_^t. i' i-fhe Woo<le"d deposits. 

('"'*Lnnd LiiiicBtdiie there is the second deposit at Bigripg. 
" (jTjirJ or Clint« Linie8l«>ne there are(l) Wyndham Pit de{iusJt; 
^^ oflhe Woodcnddepoeitsi (8) some of the Montreal deposits; (4) 
(-" '""It workwi l)y the Mowbray Co.'b No. 2 Pit j and (5) the Salter 
I** ""'^ -, 

' (0 the Fourth Mmestone tiicre are (1) The Salter and Eakett P»rit 
tfn 7 ^*' dep"«'ti (2) Uie upper deposit worked by the Croesficld CxtJt 
No." 3 Pit. 

In the Fifth Limestone there is the depoat worked by the Salter and 
j>kett Park Co.'s No. 5. 8. and 9 Pit*. 

In the Sixth or Bottimi Limestone there are (I) lower deposit worked 
by the Crossfield Co.'s No. 3 Piti (2 and 3) the dejxwiU worked by the 
Nos. 10 Hud II Pits of Messrs. Bain & Co.; (4) lower deposit In up aide 
of feult at Mr. Po»tIethwaiU>'8 Eskett Pita. 

From this it will be seen that there is a very wide difference in the 
geohgiral level of the deposits. Owing, however, to the tilt*d position of 
the limut'inv, t)ie wity in which it is dislocated by fault« and the extent to 
which it has been denndcd, (h)sdiflen'n<xinf;cologiaklle^~(.-ldocsnot afibd 
their ahaoM* level, as msny of the depositii in the Iowlt beds are qnite ■• 
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usually confiidered as belonging to the Old Red SandHtone ; then a thick 
moBS of red limey Ghales, with thin bcda of liiDCBtx>ne, above which there 
is a great tnaes of limestone, with irrtgnlar partings of rwi and grey shalej 
and the ^roup is termiimted upwards by a considerable thickneaa of black 
Toredale shales, with which, in the lower part, are intercalated a few beds 
of limestone, and in the upper part some beds of sandstone. Its total 
thioknees has been proved to bo over 2,200 feet. 

In Mitliim, only the Thick Limestone of Fumeaa has been proved so 
far, but there is every probability that both the underlying shales and the 
basement conglomemtc exist there, as they have been found on the 
opposite side of the Duddon Estuary. 

As already stated, hematite is found very abundantly in those rocks. 
In the st>uthcni point of the district two very large deposits occur in the 
Thick Limestone at Ilodbarrow, and in the north it has been found in 
each of the six beds, and de]K>Hit8 of more or less importance have been, 
or are now being worked in them. A few of these de|»osit8 may perhaps 
be conveniently mentioned hei-e. 

In the Firet or Laiighom Limestone there are (I ) The Winder Gill 
deposit i (2) The Hut ore at Agnes Pit ; (3) The Parkside and (_'roBsgill 
deposit; (4) The Crowgarth deposit; (.1) The top deposits at Itigriggj 
and (G) part of the Woodend deposits. 

In the Second Limestone there is the set^nd deposit at Bigrigg. 

In the Thin! or Glints Limestone there Hre(l)Wyndhara Pit deposit; 
(2) some of the Woodend deposits; (3) Home of the Montreal deiKiaits; (4) 
the deposit worked by the Mowbray Co.'b No. S Pit; and (Q) the Raltcr 
Hall deposit. 

In the Fourth Limestone tliere are (1) The Salter and Eskett Park 
No. 7 Pit deposit; (2) the upper deposit worked by the Croasfietd Co.'s 
No. 3 Pit. 

In the Fifth Limestone there is the deposit worked by the Salter and 
Eskett Park Co.'s No. 5, 8, and 9 Pit«. 

In the Sixth or Bottom Limestone there arc (I) lower deposit worked 
by the CroBsfitld Co. 'a No. S Pit; (2 and 8) the deposits worked by the 
Nofl. 10 and 11 Pits of Measrs. Bain & Co.; (4) lower deposit in up side 
of ftult at Mr. P.wtleiliwaitt's Eskett Pita. 

From this it will Iw seen that there is a very wide difference in the 
gtelogital level of the deposits. Owing, however, to the tilted position of 
the limestone, the way in which it is dislocated by faults and the extent to 
which it has been denuded, (hisdiffcrence in geological level docs not affect 
their abiolule level, as many of the depositx in tlie lower bcda are quite as 
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J to the snrfaee as those which occnr in the higher beds. For instance 
■:«t CroBgfield and Todliok'S deposits are found in the Buttom Limestone so 

r the surlace that they have been worked by " open cute," and, as will 
' hereafter be seen, dcpoaita of ore are not unfrequently found on the same 
absolute level (but on opposite sides of a foult), which are in totally diSerenl 
beds of limestone. 

Millstone Obit occurs only in the northern part of the district. It 
consists of alternations of shales and saudBtones, whluh are very variable 
in thicknesa and not very persistant. The bottom bed — that resting on 
the first Limestone — is, however, an exception, as, so far as the writer 
knows, it is invariably a sandstone, with Bometimca a thin parting of shale 
below it. At Parkaidc these rocks have been proved tu be over 450 feet 
thick. They seem, however, to be much thinner as the distance from the 
hills increases. At John Pit, in the Harrington Coal-field, the Carboni- 
ferous Limestone was proved at thirty fathoms below the Udale Band, 
so that if the grits are supposed to have been immediately below that seam, 
their thickness could not possibly have been more than 180 feet. At 
Bigrigg their greatest known thickness is about 250 feet. 

Very little hematite occurs in these rocks, althongh in places it has 
been worked in connection with these deposits in the Top Limestone. 
From these latter deposits it runs in Ibin strings into the bottom bed of 
sandstone which forms the base of the grits. 

The Coal-Measubes are divisible into two parts, which are nnconfor- 
mable to one another, as shown in Plate XXL, Fig. 1. First — The lower 
portion is made up of alternations of sandstone and shale of the prevaUing 
dark colour, amidst which occur munerons bands offire clay, coal, and clay- 
band ironstone. The greatest thickucBS of tliia portion of the Coal- 
measures is about 1,100 feet, in which there are, at least, twenty-aii seams 
of ooal. It forms by far the largest portion of the Coal-measures, and 
may be looked upcm as the productive part of the Cumberland Coal-field. 
Second — The upper portion of the series, called the Whitehaven Sand- 
stone, cousista of alternations of reddish and dark shales, and purple, grey, 
and white sandstone. With the dai-k shales there is sometimes a little 
coal. The sandstones usually contain a number of plant-like remains and 
clayey nodules, both of which are highly charged with peroxide of iron. 
In the beds of sandstone near the base of the tbrmation, grains of white 
quartz are occasionally found as large as a good-sized pea, which are in 
some cases scattered sparsely through the sandstone, whilst in others 
they are so closely packed as to give it the appearance of a breccia. In 
some places between the intersticea of the rock there is a considerable 
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quantity of ejteculor iron in minute §taleB. In the same beds nodulea 
of compact hematite are met with. Like the gi'ite, the \Vliitehaven Sand- 
Btone Becms to thicken in an caetorly direction. At Croft Pit it is only 
171 feet. At Bigcroft it is 289 feet thick. 

Tlie extent of the uueonformity that exists between the two parts of 
the ^oup may be judged IVom the fact that at Croft Pit the Whitehaven 
Sandstone overlies the whole of the lower Coal- measures, whilst at Rowrah 
it is down u[ion the Millstone Grit. Plate XXII., t'ig. 1, is a section 
between Croft and Wreiih Pits, in the Whitehaven Cofd-fiold. At the 
former pit the seam of eoal known as the Main Band is 475 feet below the 
Whitehaven Baudstonc, whilst at Wreah Pit, only two-and-a-quartcr miles 
away, it is not more than CO feet below. 

In this group hematite has only been found in workable quantities at 
Millyent, in the Whitehaven Sandstone. Its existenci? m those roeks baa 
a very important bearing on much that has hereafter to be said, so that 
it IB proponed to give one or two sections to show the Bucceasion of beds 
and the eiaet horison on which the hematite occura. Unfortunately 
information of lliat soi't is very scarce where it would be most desirable to 
hare it. The only section that has come to the author's knowledge, ol>- 
tained at one point, is the journol of a bore-hole, that was put down, in 
search of this hematite, between Millyeat and Weddiker. It is as 
follows : — 

No. 1. SECTION. 

Fnu. Fk In. Fiu. n. In. 

1.— SopprflcUl dclKwita .. .. 3 

2.— Uwucia 10 3 11 

8. — ^Urej uuilatiiiio „> ... ... ... 16 

4.— lUdihik 8 10 

&.— Urey aindiUilie 2 

6.— Ued«l»le 9 8 

?. — Do. with iron rib* ... 4 



U.— Bed tbmkn 
U. — fiuid«toiic 
I4.~It«d nliilv kIulUi 



'11 Haodilutie panwd Iliroii^li 



At Croft Pit these rocks were giassed through iiuniediately Maw Uia 
Mu)(nesian Limestone. The sL-ction is as follows : — 
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No. n. SECTION. 

nalont. Fmi. Fl. In. 

1.— Soft red sandiitniie 1 B 

S. — B(<d ihalc with Ujrers of Niiidstoiic ... 2 A 

8.— Red »«ini«toiiu . , ... 7 6 

4.— Soft red nluiU 6 

5.— KsdallalB 8 4 

6. — Eedi^hgrey naiiditono ■! 5 9 

7. — Lampy red aaiidstoiu', aperkled with white ... ... V 

8.— Blue (hale, spopliled with c^™i 9 

9.— Red so»pr Mhsle 2 10 

10,— Black dhalv, with » anisll alipMniiici! of ivwl nnder it ... 1 

11.— Aih-colouriid >hikl(> ... 4 

12.- Pnrplo slmle. »triat«d with uiiditoiiu ... ... ... 3 5 3 

Tntal thickness nf WliitfhavKii MiidsUiiie at tiiii point ... £8 3 6 

The BiicLvasion uf bt'da, as iienr tw tjan lie ascertained, fruni the scantj 
ontcroppingB visible at Millyuat, is as fuHuws : — 

SECTION No. 111. 

1.— Orey satidatoiie. 

2. — Liver. coloured slule. 

3.— tirey Ntiidstotio. 

The iron ore is Id No. 2 of this section which duubtless is the same as 
beds 6, 7, and S of Section Nu. I, and as beds 4 aud 5 in Section No, 2, 
HO that the Millycat ore may be said to be ubuut the middle oflheWbitfe- 
liaven Sondstune. 

Bkecoia. — This lowest repi-tacntative of the Permians in this district 
ooDsisteof fragments— some angular, others rouuded-^af all the r(*kB that 
have just been deHcrik^d. Aa shown in Plate XIX. and in ¥i^. 1 , Plate XXL, 
it is tmconfunnablc tu all the undei'lying formations. Its thickness seems 
to increase us the hills arc apiiroached. In Demesne Uill, on the road from 
Whitehaven to St. Bees, where it is overlaid by the Mi^tiesinn Limestone, 
it IB only nine feet thick, whilst at Winder, with a denuded top, it has 
been proved to be 400 feet. 

Hematite occurs in this formation in the form of rounded and angular 
fragment* mixed up pnjmiscuously with the other rocks. At times these 
hematite fragments are very nnmeroua, and the " Miners" then call the 
formation " iron gravel," or " gravel ore." It has in one or two cases 
actually been worked fur the iron it contains. 

Magn^ian Limehtoke anu St. Bkeb Savuutone. — Neither of these 
formations, so far as fan be seen, have any bearing on the subject, ao that 
it will be unnecessary to say anything about them. 
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SirpEBi'iciAi. DErosrrs. — The chief point of infercst prcBentcd by 
theee beds at present is that they froqiiontly rest directly upon t!ie dcpoeit* 
of hematite. They also contain a uuraber of fragnieuta and boulders of 
hematite among the namorona rocks that compose their gravels and 
boulder clays, some of which fr^^ents are polished and striated. Their 
thiekDess in some places exceeds 140 feet. 

Before closing this introductory notice it would be profitable to glance 
for a few moments at some of the more salient points in the Geological 
hisUiry of the district. It will be seen, first of all, that, after the long 
period of depoeition in which the vast mass of Silurians were thrown down^ 
there succeeded a ]>eriod of upheaval and severe denudation, in which those 
rocks were much dislocated and inclined, and a great part of them removed. 
Then came a submergence and the putting on of the Carboniferous rocks 
over the udge of the tilted and eroded Silurians. Layer after layer of 
these rocks were laid on until the huge pile included the Limestone, the 
Qrils, and the productive Coal-meaaiu^s. A second period of elevation 
and denudation then set in, and the newly-formed Carboniferous strata 
were fractured, uplifted, and inclined. At once meteoric and other kindred 
agencies commenced on them their work of destruction, which was con- 
tinued without tntemiption until the quickly disappearing rocks were 
again submerged. The Whitehaven Sandstone was then sjiread out over 
their eroded edges and the long-continued CurboTiiremus era thus brought 
to a dosL', In a short time another upward movement was cB'ected; this 
sandstone was eroded, and alter a time sunk into the Permian Hca, where 
it was nnconformably covered by the Bn%<na, the Magnesian Limestone, 
and the St. Bees Red Sandstone. Another rise then took place, the rocks 
^faateA their heads from out the " iruuy waters," and there they stood, thence 
to the "great ice ago," subjecting themselves to a contiouons 
of those meteoric forces by which they have been slowly moulded to 
present form. 



PAET IL— POSITION. POKM. AND IXNKlt NATL'RE OF THE DEPOSITS. 
DBPOsrre IN THE EsKDALE Granite. — These are somewhat numerous, 
but not of any great importance curamcrcially. Tlie princiiia! deposit 
hitherhj worked is near the Boot in Eskdale. Another, but much smaller, 
deposit was worked near the *' King of Prussia," in the same valley. They 
are all very much alike, both in form and inner nature, so that the one 
at Boot, which has been most workod, may he taken as tj'picol. The 
form of this depoflit is that of a vein. It« direction is nearly north and 
south, and it " hades" to the vat' at angles varying iKim (15 to HH degrees 
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with the horizon. In that part of it which, so far as is known, ia most 
ftillj developed, its existence is indicated on the surface by a small ravine 
known as Nab Ghyll, which nins down the Bonthem side of tlie mountain 
that lies between Eekdale and the upper end of Miterdaie. The ore ia 
worked by levels driven inlo the hiU at various hei{,'hts, as shown in Fig. 
2, Plate XXII., which ie a Jongitudind section of the vein. From 
tliia section it will be seen that the ore is not continuous throughont 
the vein, but that, as in most mineral veins, it occurs in "bunches" 
or " lollies." These bunches are usually thickest near their centre, whence 
they thin off, or, as the miners express it, " nip out," gradually towards 
the edges. Between the bandies there is invariably a " leader," bnt it 
contains very little ore, sometimes, in fact, none at all, being merely a 
strong joint. The length of vein that lias been worked up to the present 
time is about 200 fathoms, and the depth to which the ore haalieen found 
to extend below the surface is abiut fifty fathoms. The greatest width of 
the vein has been about 20 feet, iuclnding 1 1 feet of " horse," or " rider." 
This was near the surfac*. Further down it is much narrower, and ap- 
pear to die out altogether at a depth of fifty fathoms. It is, in fact, a 
" gash" rein. A section of it at the surface, as seen in No. 1 Quarry (Fig, 
S, Plate XXII.), is shown in Fig. 3. It will be observed that at this 
point the vein consists of fonr distinct lots of ore, separated from one 
another by three ribs of " horse" or " rider." The " hade" of the ore, aa 
well aa its " direction" horizontally, agrees exactly with that of the large 
jointa (d) intersecting the granite. These joints are very strong and 
persistent, and give the granite at a distance the appoarnnce of bedded rocks 
standing on end. The beautiful ravine, on the opposite side of the valley, 
called Stanley Gliyll, seems to have been cutout along these points. Fre- 
quently, from the main line of ore, small strings of it are found branching 
out into the granite along some of the minor joints by which this, in 
common with other granites, ia also intersected. If two of these strings 
cross one another a small branch is fonned. 

Near the surface, the " cheeks" of the vein are very much decomposed, 
being mostly so adjoining the ore, whence the granite becomes harder and 
harder, until at a distance of a foot or two from the vein it assumes its 
normal condition. The same thing occurs as the vein is penetrated, only 
the amount of decomposition and the distance to which it extends into 
the cheek bewmeB leas and less in depth, until a few fathoms below the 
ore is reached, where the gi-anite seems to be very little, if at all, altered. 
It is also obser\'able that the cheeks are mon- decomposed where the vein 
contains ore than where it is barren. 
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Those parts of the veinB mark(.-d c in Fig. 3 arc not solid innsses of 
hematite but a mixture of red earthy -looking ore, hard fibrotia kidney of 
a purplish tint, block oxi^e of manganeBC, reddish clay, grains of quartz 
Bimilar to those in the granite, and pieces of more or less decomposed 
granite. Generally these various materials are arranged in broken line* 
parallel to the aides of the lode, as shown at f" in Fig. 3. Some of the 
more earthy-looking ore contains pieces of decomposed felspar, and it is 
sometimes possible to trace this ore, on the one hand, into hard pure kid- 
ney, and on the other into granite bnt very little altered — that is to say, 
there seems to be, in such a caae, a gradual transition from granite to 
pure hematite. Some pieces of ore have been obtAined from thia mine 
having the appearance of " ring ore," They are usually less than an inch 
in diamctfir, and in cross section present a number <if concentric rings, 
somewhat like tlie annual layers of an eiogenous tiw;, Down the centre 
there is frequently a hole as if the substance nronml which they seem 
to have been formed had diaap[ieared. 

Deponits in thk SKinnAw Sijitk. — At one place only has hematite 
been worked successfully in these rocks — that is at Kel ton Fell and Knock- 
murton, two adjoining properties on one of the hills near Ennerdale Lake, 
in the N.E. part of the district. The ore there occurs in the form of veins 
as at Eskdale, but iu two sets, one running about 37 degrees N.W. and 
8.E., and the other about 15 degrees N.E. and S.W. Seven separate prin- 
cipal veins have Iwen more or less worked, five of which have the former 
direction and two the latter. They all " hade" towards the east at angles 
varying from Ait degrees to 80 degrees with the horiion. The greatest 
length that has been worked on any of them is about 240 fathoms, and 
the greatest depth S(! fathoms. 

The ore is not continuous but occurs in irregular detached moMee or 
" bunches," as at Eskdale (Pig. 2, Plate XXll.) These musses ore thickeftt 
near their centre, having been known at KeltonNo. I Vein t^i be as mndi u 
3Sfeet, hut in this there was about nine or tf'U feet of "rider," Usually they 
i-ary from two to ten feet, and thin ofl' gradually fr<im the centre to their 
extremities. Exceptions to this are tHx-asinually met with, and the ore 
terminates very abruptly, as slioH'n in Fig. 1, Plate .Will., which is k 
vertical section through the lower part of one of tliese bunches in \u. 1 
Vein, Knockmurton. Some of the bunches are over filly fnthoms in length. 
Between them the vein is nearly barren; snmclimcs, in fwt, quite bo, 
there K'ing only a strong p^iiiil or tno to mark its eiistonce. 

At Eskdale it has becu seen that the vein is widest at the surface, be- 
coming in'oilunllT narrower as it goes Airther down. Here it is so, tuo, in 
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■ome caaeB, but in others the greatest width of the veins iipfiears t-i lie at 
Bome fathoms below the surface. 

From what has been previously said respecting the jotiite travereiag 
the Skiddaw elates, and more recently b& to the bearing of these reins, it 
appears that the twu are exactly parallel both in direction and " hade." In 
the mine this may be often very well observed directly, especially where 
there is a narrow string fif ore otxjurriug interruptedly, for it can then be 
seen most distinctly that the 'ire actually oraura in these joints, which bj 
some meauB have been enlarged. ThiB corresp'jndence may also he seen 
in any of the small strings which branch out from the sides of the main 
veins. It was pi-eviously statcil that <inc- set of joints sometimes coincides 
with the dip and strike of the strata. Wlien that is ao, and ore oceura 
along the joints, the dcyxisit haa a bed-like form, as shown in Fig. 1, Plate 
XXIII., being in fact a "bedded vein." 

At the surface the " cheeks" of the vein are very much altered from 
the normal condition of aueh rocks, being softer and more broken up; but, 
BB they get deeper they become harder and less altered. They are, more- 
over, less changed in those parts of the vein which are baiTcn tlian in the 
productive pai-te. 

The ore is, as a rule, much leas mixed with extraneous matter than 
that of the veins in the granite. Like them, however, everything, be it 
ore or not, is arranged in lines parallel to the " cheeks." Usually a layer 
of hard kidney ore is found running along both cheeks in concretions 
about an inch or two thick, the central part of the vein being filled with 
8oft«r ore, aa in Fig. 2, Plate XSllI, Along the cheeks uf some of the 
narrower veins, and near the surface, are loughs filled witli " combed" white 
quartz, and between these aofl earthy ore has been found. Some of the ore 
in the centre of the veins is broken kidney, which is quite rotten, and lies 
in the most confiised manner among ore of an earthy natim-. Broken 
kidney ore is also met ivith embedded in brown spar, us shown in Fig. 8, 
Plate XXIII. It appears then to be in what was originally a " longh." 

Moat of the kidney ore neit the " cheeks" has the conves side of the con- 
cretions turned towards the vein, but sometimes it is set in the opposite 
direction and faces the " cheok," seeming as if the different layera had been 
put on from the centre outwards. In some of the wider veins layers of hard 
massive ore occur. They are parallel to the " checks," and in some cases 
three or foiu* feet wide, the remainder of the vein being soft ore, aa above 
described. " Loughs" are frequently met with in the ore, as shown at c, 
Fig. 2. The sides of these loughs are com]>oaed of kidney ore, and they 
often contain a quantity of minute crystals of quartz, aome of which are 
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ooloured red by peroxide of iron. Here too, ns at Eskdnle, Bome of the ore 
Dsaiimes the riug form, and some of it is tjulU' sfjft and micaceous. 

One other Teatiire of these veins remains to be noticed and that is the 
occurrence in them of ribs of " rider" and small pieces of slale. The 
" rider" or " riders" (for sometimes there is more than one) are of the 
conntrj" rock, much decomposed, and have the same " hade" as the vein. 
The snuUl pieces of slate lie scattered here and there through the ore. 
Some of them are very much decom|H)8ed, others are so deeply impreg- 
nated with peroxide ofiron as to be almost indietiuguishablu from the more 
earthy ore in which they lie, whilst some appear to be very little altered. 
Fig. i, Plate XXIII., shows the way in which the smallest of these frag- 
ment« arc sometimes embedded in the ore, giving it, at a distance, the 
appearance of a porphyritic rock. 

The tender nature of the " cheeks" renders it somewhat difficult to 
keep the urc clean, otlterwiae it is of excellent quality, as shon-n by the 
following analysis: — 

Peroxide of iron... 89^ 

Silioeotu iiutttOT y-OT 

Wkt«r>iid ckrlwiilo add ... M9 

Lime, Klnniiiis. etc. I*U 

lOIHIO 



This was in all probability a picke< 
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puritiee. The following is more like the average composition: — 
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Deposith ra THE CoNiSTON Ltmestonb. — In this fonnation alsn 
hematite has been found, and at one place in siirh qaautitj as to induce 
persons to work it — that is at Water Blean, near Millom, in the Boutherii 
part of the district. Much of the ore obtained from this plat* has been 
nsed as a pigment, owing to its high red colonr, hut a considerable 
quantity of it has also been converted into iron. The principal part 
of this paint ore was obtained from a cavity in the limestone immediately 
below the boulder drift. This is shown in Plate XXIV. That part of 
the cavity which, in Fig. I, is bounded by a ftiU line, wag merely a dish- 
like hollow in the limestone, so that the ore was lying just under the 
boulder drift. The part shovm in dotted lines had a cavernous form, and 
between the drift and the ore there was a roof of limestone. This will 
be further explained by reference to sections Figs. 2 and 8, which are 
sections along the lines A B and C D respectively. It will be noticed 
that some portions of the cavity have a N.W. and 8.E- direction, whilst 
others have a N.E. and S.W. course These two directions, it will be 
farther noticed, correspond with the twtr sets of joints o" and a'" by 
which the limestone is intersected. Their average bearing may be taken 
. at 50 degrees N.W. and S.E., and +0 degrees N.E. and S.W. Fig. 4 is 
a section along E E. 

Besides the ore obtained from the cavity shown in Plate XXIV., one 
or two short vein-like deposits have been worked which extend to a much 
greater depth. Thegreatcst depth yet proved on any ofthem la 17 fathoms, 
at one part of which the ore has been worked from the surface to a depth 
of 1 3 fathoms without reaching the bottom. As in the reins in the granite 
and Skiddaw slate, the ore is not continuous, but occurs in short " bellies" 
somewhat like " pipes" or " chimneys." The greatest width yet met with 
has been about 14 feet. This was at the surface. Thirteen fathoms below 
that, the width was only six feet. Between the " bellies" of ore in the 
deposit that has been most worked, the only indication of a vein is a 
Blrongly-marked joint which forma a continuation of the lying "cheek" of 
the " bellies." The " nipping out" of the ore and the consequent forma- 
tion of " bellies" results from a closing in of the hanging side — for it 
cannot be called a "cheek" — upon this joint which nmintains an underi- 
Bting course. The direction of these vein-like dci>osits is the same as that 
of the joints, which bear 50 degrees S.W. and S.E. The " hade" is like- 
wise the same in both, being to the N.E. 

The ore is not much mixed with the "country" rock or any other 
foreign substance. That from the vein-like deposits, especially in the 
deeper [larts and against the hanging side, is generally very hard and of a 
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blniah iron ftrey, often very peculiarly marked by dark gliateDing spots. 
The ore against the lying " cheek" and in tlie top parts generally of the 
vein-like deposits, as well as in the shallow deposit shomi in Plate XXIV., 
is aomewhat different, being softer and of a reddiab colour. It is what is 
called the paint ore. The composition of the harder oi'e ia as follows: — 
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When the ore conies in contact with the limestone there ia sometimes 
a well defined line of jnnction in the form of a joint {being in Ettct a 
selvage), on one side of which there is limestone, and on the other ore. 
This is so in the lying side uf the vein-like deposit above described, and 
at / and f, Figs, i and 3, Plate XXIV. In other cases the ore and stone 
seem " gronn together," and arc inacparable, there being a regular grada- 
tion from the one to the other. 

In the softer ore aorae very carious structnres occur which have been 
supposed by some to be I'ussil plants. Mr. E. W. Binney, in a paper read 
before the Manchester Literary and Philosophical liiciety in ISC?, " On 
the Age of the Hematite Iron Deposits of Furness," speaks of harjiig seen, 
in the possessiun of Miss Hodgson, of Ulveraton, remains of Lepidodeudra 
and Stigmaria, which were lotiud In this deposit. Miss Hodgson, in a 
paper '" On the Water Blean Iron Ore," published in the " Geological 
Magazine," March, 1870 — prefacing herremarksby the statement that her 
information was rei^ived from the Manager of the Mines— says that " in 
the early l»rt of the year l«t!6 a large tree trunk wua met with standing 
erect," see y. Fig. 4. It was from 12 to 15 feet high, and from 20 to S4 
inches in diameter at the base." As the miners came ujHin the tree at two 
levels (Miss Hodgson continues) " I was anxious to learn whether any bark- 
markings had presented tltemselves, bot while it was admitted that, ron^ly, 
there might have been some resemblance to certain bark stniolures, yet it 
must mainly be described as having had ' a coarse sparry cmst with vertinJ 

piles' running throngh it." The above tree-like fonn 

was not the whole of the discovci? ; imbedded likewise in the ironstone, 
and occurring for the most part near the walls uf the place, and low down. 
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were nnmeroua twig-like remains. These urc of a harder nature than the 
trnnk raasa— they aru in better preaorvation — and in aoKie apedmcns ex- 
hibit beautiful minute striation, with what seem k> be little ecarg arranged 
in a uniforra pattem." 

The writer has in his poesesaion a specimen of tlic tree trunk, and 
also a number uf the twig-like remains, whtuii he has examined very care- 
ftilly. A sectiun of the latter is given in Fig. 1., Plate XXV. They 
are, however, nut all of the shape there shown, some of them having a 
crescent form in aeetion, whilst others are nearly round. So far as the 
writer ia able to ]udj;e, these au-called fo&sil plants are nothing more than 
concentric pipes of kidney ore, between the suoocssivc layers o( whieh 
there is a thin ring formed by crystals of calcit« ; in fact, they seem to be 
bnt a particular case of " riug ore" structure, the so-called tree trunk being 
formed by a maaa of theao amall stnicturea in contact. The outermost 
ring is frequently marked by irregular flutings, as ahoivn in Fig. 1, bnt 
these markings may also be found in other parts of the ore apart ii'om the 
twig-hke remains. The qjecimeus iu the poBseasion of the writer do not, 
80 tar aa he has seen, exhibit the " niiifonn jjattem " alluded to by Miss 
Hodgson, and the only approach to it in the interior and exterior faces of 
the minute mamiilations of the kidney rings. At first sight these 
certainly do present some resemblance to the markings of Lepidodendra 
and Stigmaria, but whether they are the characters upon which Mr. Binney 
based his generic detenninations cannot be said. 

Laminated liarite, crystals of quartz, and " black mnck," which con- 
sists of varying proportions of siliceous and aluminous materials, and of 
the oxide of iron and peroxide of mauganeae are sometimes associated with 
the ore of these deposits. 

Deposith is the Caebokifbbous LmESTONF. — These are the most 
important deposits iu the district. They are both large and numerous, 
are more varied in form, and present a number of interesting features 
which are not met with in any of the deposits previously descril«d. Aa 
already stated, they owur in all the main beds of limestone that are yet 
known in the Lower Carboniferous Series of this district j but they are 
perhaps most numerotis in the Langhorn and Clints beds, in one or other 
of which all the largest deposits in the district are found. Their fonn is 
variable, being sometimes bed-Uke, sometimea veiii-likt, at others filling 
digh-iike hollows in the limestone immediately below the drift ; whilst not 
unftequently — but chiefly iu the Clints Limestone — they are most irregu- 
larly shaped, and ai-e at some depth in the limestone, by which and its 
BBBOiinted iwks they are in most cases entirely surrounded. 




THE HEKATITX DEPOSITS OF WEST COHBIBLAFD. 

The Bed-like DEPORrrs occur mostly in the First Ijimeatone, in fact 
the depositfl in tlmt bed assume this form eiclusively ; hut the bed-like 
form is not confined to that horizon, for it is also met with in the Setwnd, 
Fourth, Fifth, and Sixth beds of Limestone. As akeady stated, the Firat 
Limestone is overlaid by the Millstone Grit Scries, the loireat bed of 
which is of a aili(«onB nature. LTnder the limestone is a thin ailicions 
bed, iiBually called whirlstone ; and then a bed of shale. In the Bigrigg 
locality these two beds are known an the "little whirlstone" and the 
" little aill" respectively. It is seldom that the ore ocvnpieg the whole 
thickness of the First Limestune, being mostly confined either to the top 
or bottiim of it. At Fri»ingt")n and Winder Gill it ticcurs in the tup, as 
shown in Fig. S, Plate XXV., which is a vertical section of part of the 
large deposit worked by the Parksido, Crossgill, and part of the High- 
house Mines. The " roof of the ore is the bottom bed of the Grit 
Series, which has the same regular dip as the rest of the strata. The 
" sole," it might be expected, would be limestone, but curiously enough it 
is not, being nearly all silica, and called by the miners " whirlstone." A 
very remarkable feature of the limestone of this district, and one which 
seems scarwly ever Uj have been noticed, is that any bed of it at one 
place may be a pure limestone, wliilat at another and not far distant 
place, the same bed may be the hardest whirlstone.* A recognition 
of this fact removes one of the greatest di&icaltiea there is in the 
way of corri'lating the rarioua sections that have been obtained in the 
different parts of the district. But to revert to Fig. 2, Plate XXV. 
Unlike the "roof," the "sole" is generally very uneven, being like 
a number of waves. These waves the miners cnll "rolls." Borne 
of them arc of great length, and they all rim almut west and simth i the 
ends of them only are seen ui Fig. 2. as the plane ou which the section ia 
token cuts ihem at right angles. Ou the tfip of the " rolls" the ore is 
thinnest, being sometimes only a few inches ; at others it is as lunch m 
twenty feet. In the hollows between the " rolls" the ore is i>f courwj 
thickest, being fully forty feet in some places. The sole has not this 
waved appearance everywhere, for it is occasionally found running for h 
considerable distanoe nearly [larallel to the roof. Sometimes the ore is 
seen to run uji into the grit roof in narrow strings, fri'm an inch or two 
to n foot or more wide -, and sometimes it extends from these strings 
along the bed joints, as shown at e. Fig. 2. All the strings have a north 
and south directiim. The length of the deposit on a north and sooth line ia 
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about 450 yards, and its breadth from east to west is about 370 yards. 
Ita area is about thirty-four acres, ao far aa at present worked, being 
larger in stiperfieial extent than any other dcjioait in the district. It 
has also yielded the largest quantity of ore. In plan it is as shown in 
Fig. 3, Plate XXV., it« direetion being nearly north and south. The 
tongues of ore extending from the north end of the main body have also 
this direction, which is the same as that of the " rolls" in the floor and 
the "Btrings" in the roof, the whole of them being parallel to the north and 
Bouth joints intersecting the limestone. As shown in the section, the dip of 
the ore ia to the west ; on its eastern side it occura jiist below tlie drift, 
but further westn-ard, that is to the dip, the grita are put on over it ; aud 
by the time the western aide of the deposit is reac'hed it is overlaid by 
abont sixty fathoms of these rocks. 

At Bigrigg the ore is found iu the First Limestone, at the bottom of 
the post, aa shown in Fig. 1, Flat* XXVI., which is a cn>8a section of 
part of the large deposit worked by the Fletcher Pit, James Pit, Sir 
John Walsh Pit, Robin Beam Pit, etc. Here in many points a state 
of things is found exactly opposite to that which prevails at Friz- 
ington. There the roof is even and the floor uneven ; here it is 
the floor that is even, whilst the roof is genei'ally very irregular 
indeed. The " little whirlstone" forms the floor, and the roof con- 
sists chiefly of ailiceons portions of the upper part of the First Limestone. 
Owing to the irregularity of the roof the thickness of the ore is 
yeny variable, being sometimes over thirty feet, aud at others less 
than a foot. This great variation reaulta mainly from the ore assuming 
at times certain vein-like extensions upwards, lalled by the miners " guts." 
These guts are shown at /, Fig. 1, Plate XXVI. They vary in width, 
from a few inches to five or aix feet ; and somelimea they open out under 
the basement bed of the grits and form a minor deposit along the top of 
the limestone. They are all nearly parallel, and run about north aud south, 
as shown in Fig. 2, which is a plan of that part of the deposit worked by 
the Fletcher Pit and James Pit. The length of the whole deposit is about 
550 yards, and its average hri-adth about 200 yards. Aa will I 
from the above plan, the ore does not he in a compact body, as at Park- 
side, but is split up by elongated masses of limestone intu part«, which 
bear nearly north aud south. On the western side of the deposit these rock 
masses increase to such an extent, as compared with the ore, that tite 
latter is only like a network of " guts" or veins, but their direction ia 
parallel to that of the larger masses, both being in fact parallel to the 
north and south joints intersecting the limestone. The dip is to the 
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west, and, as at Parksidu, the ore at ite rise edge occurs immediately 
buliiw the drift, but boom becomes covered, dipward. by grits and Por- 
miana, a« shown in Fig. l. At the James Pit on the west side of the 
deposit the thickiiess of these overlying rocks is ftboiit sixty-lijur fathoms. 

Ik'sidcs these doposita there are several othere in the First Limestone, 
but they arc all more or less similar to those described, so that it is not 
iieoessary to speak of them separately. In the Second Limestone the 
deposits have also n bed-like form. They chiefly differ from the ilejwflitii 
in the Top Limestone, in thnt they na lally occnpy t!ie full depth of the 
bed, have a regular " i-wjf ' and " sole," and are eonseqnently of more 
uniform thickness. The writer is not aware that this form of ilep<i8it lias 
been met with in the Clints Limestone, but a good eiample of it in the 
Fourth Limestone may be seen in the No. 7 Pit of the Salter and Eskett 
Park Company. A section of this dejiosit is given in Plate XXVII. 

From the high angle at which it dips it is generally spoken of as a 
vein, the roinera working it using the terms " hanging cheek" and " lying 
check" for what are in ivality the " roof and the '• sole" respectively, A 
little to the S.B. of the section the ore is cut off by a large west and sooth 
upthrow fault, which brings the Skiddaw slate to the surface. The throw 
of this fault at the Agnes Pit, a little to the north of the section, is about 
190 fathoms, the Rkiddaw slate and St. Itec-s Sandstone lieing in amtact. 
Where the ore (showTi in Plate XXVII.) abuts against this fault it is 
Tery thin, but it becomes thicker to the dip, as shown in the section. The 
" rwof is formed by a bed of shale generally, and so is a great part of the 
" sole ;" but sometimes irregular masses of siliceous stone, i/, arc found 
intervening, so that for a time the "roof or "sole," or both, may be 
stone. The length and breadth of the deposit have not yet been proved, 
as the limit of the ore has only been reached on two adjacent sides. 

Bed-like deposits also occur in the Fifth and Bottom Limestones, as 
shown in Fig. 1, Plat*. XXVIII., A and B. respectively. They present no 
peculiar features, and therefore need not l>e scitiirately described. It 
may, however, be observed that their Iveariug agrees with that of the 
main joints in the limestone, l>eing nearly north and south. 

Veik-ukb DiPOBira.— Perhaps the best example in the district is 
that which is worked by the Salter Hall Mines, and the Eskett Mine* of 
Mr. John Posttethwaite. It is on the line of a lai^ north and south fault, 
having an uplhrfiw to tlie west at Mr. PoBthlhwaiti's mine of ab<mt 120 
fothoms. As worked by the Bolter Hitll Mines, the depcait is in the 
Glints Limestone, and at its south end very shallow, being overlaid only 
by the drifti but, having the same dip as the strata, that is to the N.W.. 
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it geta deeper as it goes towards the Eskctt Mines; at the same time it 
TiBea through the Second Limestone into the First, being in tht^t partly in 
the whole three. It is there that it becomes the most vein-like, its section 
being as shown in Fig. 1, Plate XXVIII, The ore, it will be noticed, is 
very narrow nearly to the bottom of the section ; it then witlens con- 
siderably, and the "hanging check" changes its character. Above this 
point it is very siliceous, but here the rocks contain a large proportion of 
lime. On the upside of the fault there is Skiddaw slate for alioiit one- 
third of the depth of the section, tlio remainder Iwing " whirlstone," 
limestone, and shale, intercalated with which are two bed-like extensions 
of the vein ore, called by the miners " flats" or " flat ore," the uppermost 
being in the Fifth, and the lower in the Bottom Limeetone. There is 
thus the fact of a deposit of ore — for i-eally the whole of the ore, both bed- 
like and vein-like, may be looked upon as one deposit only — being partly 
in the First, partly in the Second, and partly in the Third. Fifth, and 
Sixth Limestones, In the Salter Hall Mines the ore frequently formed 
" flat*" on the down-side of the fault as well aa on the up-side. 

Another large vein-like deposit is found by the side of the north and south 
fcnlt, running through by Agnea Pit and Yeathouse Pits. Its character 
throughout is very aimiliir to that just described ; but at Agnes Pit the 
"flats" occur only in the hanging or down-side, the up-side of the fault 
consisting entirely of Skiddaw slate. On the contrary, the " fiats" at 
YeathouBC Mines are wholly in the up-aide, the "hanging cheek" being 
Breccia and St. Bees Sandstone. 

At Birks there is another vein-like deposit, which is also on the line 
of a north and south fault. There, tfjo, as at Teathouse, the "flats" are 
in the up-side, the down-aide being St. Bees Sandstone and Breccia. 

A feature of these vein-like deposits worthy of moutiou is that they all 
" hade" towards the east, like the veins in the granit« and Skiddaw slate, 
the amount of "hade" being usually as in P'ig. 1, Plate XXVIII. 

Dish-like Deposits are not numerous, nor, with one exception, are 
they important. The exception is the new deposit at Hodbarrow, a 
section of which is given in Fig. 2, Plate XXVIII. It occurs in the 
Thick Limestone of Fumess. Its extent baa not been fully ascertained 
yet, but ita length, so far aa is kuonn, is abont 800 yards, and its breadth 
about 190 yards; its greatest thickness is about 90 feet, and the average 
perhaps 55 feet. The deposit contains very little stone or other foreign 
matter, so that it may be looked upon aa a solid maaa of ore. It is one of 
the lai^eat deposits in the whole district, and the only one of its kind of 
any importance, although in Furuess they are very common ; in fact, in 
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that district, most of the Inrge deposite have a disb-like rortn. Aa Hhown 
in Fig. 2, it ie ovurkid only by Band, gravel, and day of the drift period, 
wliilBt betow and around it is one nmas of limestone. lU direction is 
nearly north and south and corresponda exactly with that of the main 
joints in the limestone. 

Iruegulaely Sbaped Deposits. — The beat example is probably 
that worked by Lorti Leconfield's Wyndham Pit, and No. 7 Pit at Big- 
rtgg. Tliat deposit occurs in the Clints Limestone on the sonth aide of 
an east and west fault, which throws up to the south about I'J fathoms, 
and cuts of!' the grits of Fletcher Pit and James Pit, at the same time 
bringing uji the "little whirlstone" to the surface and exposing It to view 
in the bottom of Langhom Quarry. A section of Che deposit is shown in 
Fig. 1, Plate X^IX. On the north side of the fault arc bed-like deposits 
in the First and Second Limestone, which were worked by Lord Lecon- 
field'a No. .'i and (! PiU. Tiie deposit under consideration is on the 
opposite side of the fault. When viewed in section, us above, its outline 
is most irregular ; and so is its horizontal profile, tongues of limestone of 
various lengths and breadths running into it in a north and south direction, 
and splittiug it up in the most fantastic manner. Its greatest length is abont 
840 yards, its greatest breadth 208 yards, and its greatest thickness 200 
feet. Owing, however, to the splitting up of the deposit by masses of 
limestone, its average dimensions probably do not equuJ half its greatest 
dimcnsioua. The lower part of (he deposit is somewhat bed-like, having 
the same dip and strike as the strata ; and the ore connecting this with 
the main moss above has a pipe-like form, its area in horiEontal section 
being very small. The general direction of the deposit ie north and south, 
and so is that of the integral masses of ore into which the deposit is divided 
by the protniding tongues of limestone. The " rooF' of part of the 
deposit is fonued by a bed of shale ; everywhere else it is enclosed by 
limestone, or its silicoona concomitant, " whirlstone." 

Another very large deposit of the same kind, and in the same lime- 
stone, is being worked at Alontreal Mince, by Mr. Stirling. It occurs on 
the south side of a largo cost and west vein, which has a throw at that 
point of about S40 fathoms. Its Icugth from north to south is abont 
220 yards, its breadth aliout 180 yanls, and its average thickness about 
45 feet. Other similar deposits oocur in the same limestone in various 
parts of the district, but there is nothing alxiut them which is peculiar, so 
far as regards their form; so that they demand no sjwcial notice. 

The particular form» of the deposits hanng been described, it is now 
proposed to glance at their more gmerai fealitrt*. 
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In the caee of some of the depoBtta already spoken of it was stated 
that they were split up bj tr^ugiies of limestone or " whirlatone" in sneh a 
way that the bearing of the different parta of the deposit corresponded 
very nearly with the magnetiu meridian. This maybe said to be the case 
generally, unless tlie deposit occurs alongside an east and west fault. 
Then it sometimes happens that the longer axis has an east and west 
direction. For instance, alongside the coal-meaaure fault whieh runs in 
an east and west direction through the Montreal Mines, there is a deposit 
of ore which extends from No. 2 Pit Montreal to No. 2 Pit Croaa-field, a 
distance of about 320 yards, whilst its greatest extension southwards from 
the fault is only l,'iO yards. It is, however, only in a case of this sort 
that a deposit is longer in an east and west direction than it is from north 
to south ; and not always then, for the Wyndhara Pit deposit at Bigrigg 
is twice as long in a north and south direction as it is from east to west ; 
yet it occurs by the side of an east and west fault. 

Another feature of these deposits as they occur in the northern part 
of the district is that they usually lie by the aide of a fault, a fact the 
importance of which will be rendered more clear by an enumeration of 
tiie principal deposits so occurring. As shown on Plate XIX., every fault 
of any importance runs either in a north and south direction, or nearly at 
right angles to it; so that deposits in this connection may be divided into 
two sets — those by the side of north and south faults, and thoeo by the 
side offaidts having an oast and west direction. 

Deposits alonuside North and South Faults. — The deposit 
worked by the Salter Hall Mines, the adjoining part of the Salter and 
Eskett Park Company's mines, Mr. John Postlethwaite's mines, and the 
new mines of the Winder Iron Ore Company is partly on the up and 
partly on the down-side of a large fault which runs throngh by Winder 
Station. 

Coming further west there is another fault at Teathouse, by the side 
of which are deposits that have been worked by the Eskett Iron Ore 
Company's mines, part of the Salter and Eskttt Pai'k Company's minea, 
part of the mines of the Winder Iron Ore Company, the Yeathouse Mines, 
and Messrs. Lindow's Dyke Nook Mines. 

The next faalt of any importance is at Birks, alongside which lies the 
deposit worked by Mr. Joseph Pearon. 

Coming down to Cleator, there is a tanit running through the Cross- 
field Company's No. 10 Pit, and another by the Cleator Iron Ore Com- 
pany's old opencast, the opencast and No. 7 and No. 8 Pits of the 
Croaafield Iron Ore Company, and Mr. Stirling's No. 5 and No. 7 Pita. 
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At Bigrigd there is another fault, by the side of which ia the Ehcn 
Compiiny'fi pit, the old pits worked by Lord Leconfield on Bigrigg and 
the Meadow, and the James pit of MesBrs. Lindow. 

Deposits aixikoside East akd West Faults. — By the side of a 
fault with this direction are Lord Leconfield's Bigrigg i)ita, and some of 
the Wooden d pits. 

Another fault on the north of Sir John Walsh Pit passes by one or 
two old pitH belonging to the Cleator Iron Ore Company. The feult in 
Todholea Quarry is probably the same. 

Along the fault already mentioned as passing through Montreal mines 
are the Moor Row Company's pita; Mr. Stirling's pits numbered 1, 2, 8, 
4, C, 11, and 12; the Crosafield Company's No. 2 Pit; and Lord Leconfield's 
James Pit. 

At Prizington a fault runa through Messrs. FleUiher and Ilodgett's 
pita, numbered 1, 2, and 5, and between the Goose Green and Scatelands 
pi to. 

Lastly, there is a fault with this direction running through the Mow- 
bray Company's No. -2 Pit shaft. Some of the pits along these lines of 
faulting are )>crhaps omitted, but the princi)ial arc included, from which 
it will be seen that all the most important dt-posits in the district arc by 
the side of faults. It may alao be obaervcd that tlie north and south 
&ultB " hade" to the eaat, whilst those having a direction nearly at right 
angles to them " hade" to the north. 

Another feature of importance in these deposits is that they all, at 
some part or other, riae out to the denuded surface of the tilted Carbon- 
iferoUH rocka and are there covered only by Permian Breccia or drift. 

The oil.- is chiefly of the hard masaive kind, although in some pkcvs it 
is much harder than in others. In colour it varies from a browniah nd 
to a bluish iron grey. Its composition is shown by the following analyses: — 



No. 1 



Peroiido of iron 

Silica 

Photpbste of Iran 



loaifi 
68-78 



This was a picked specimen ^lu the Parkside hiines, the average 
oompoeition is, however, more like that ahown in No. 2, which is an 
average of tweuly-fuur analyses of ore from the Salter Uatl deposit. 
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Silica 

Lime, water, etc. 



The difference between No. 1 and No, 2 anolyBea conveys Bome idea of 
the great variation there is in the quality nf tlie ore. It is, hciwever, 
still more apparent from No. 3 and No. 4 analyses of ore from the Yeat- 
house Mines : — 



Peroiide of ir 



No. 3. 
B6'33 



Wat«r and loo 
Carbouic acid 
Lime and iHBeiie^ 



In the separate annlysea, of which No. 3 is an average, the lowest per- 
cent^e of silica was 3-19, and the highest 24*78. In some deposits the 
ore contains a small percentage of protoxide of manganese, and traces of 
Bulphnr and phosphoric acid. 

Here and there in the ore are small caveraoua spaces called '■ loughs," 
which vary in shape from lenticular to spheroidal, and in size from a few 
inches to three or four feet across. Invariably the ore forming the walls 
of these " loughs" has the kidney structure as shown in Fig. 2, Plate 
XXIX. It oceuTB in concretions round the " lough" to a depth of several 
inch^, becoming less and less distinct outwards from the " lough," and 
finally dies away into the massive ore around it. Some of these " loughs" 
are filled with brown spar, as shown in Fig. 3, Plate XXIX. The ore 
sometimes appears to be interlayered with the brown spar, as shown 
in Fig. 2, and at other times broken pieces of kidney are found lying 
pell-mel! in the spar, as shown in Fig. 8, Plate XXIII. 

When the ore is in contact with either shale or sandstone, there is a 
distinct line of demarcation between them, but this is rarely so when it 
is in contact with limestone or " whirlstone." The junction then is 
nsually as shown in Fig. 1, Plate XX5., tht ore and stone being, as the 
s esprt'88 it, " grown together." The passage from one to the other 
8 by regular gradations. Very frequently the ore for a few inches next 
the stone has a lamiDated appearance, that structure being most distinct 
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Dcar to tilt stone, and becoming less and leas so os it recedes Irom it. 
Sometimes between the ore and atone there is a thin parting of clay, bat 
it seldom if ever exceeds Imlf-an-inch. In some cases the stone adjoining 
the ore, and for two or three feet uway from it, is of (|nite a porous 
nature, being at one time black and ciudery- looking, at another yellow 
and ochreoiiH, or gossany, or again, it may be a dulliBli bi-own. 

A most remarkable feature of these deposit* when in the Third, Fourth, 
Fifth, or Sixth Limestones, is the occurrence in them of partings and 
nesta of shale. Fig. 2, Plate XXX., shows several of these partings ; it 
is a section esposed in the No, 5 Pit of the Salter and Eskott Park Com- 
pany. The beds between which the partings occur are partly ailiceous 
stone, and pailly hard joiuty hematite, and thoy have the same dip both in 
direction and amount as the rocks surrounding the deposit. A similar 
section seen in Salter Hall No. 8 Pit is given in Fig. 3, Plate XXX. 
Here, again, the beds of ore and the shale partings have the same dip 
as the surrounding strata, with which in fact the partings are actnally 
interbeddcd. The pieces of " whirlstone" b and i", which arc separated 
by the partings (f were proved at several poinis Ui be connected with, in 
fact to form part of, the surrounding rocks, so that tlie partings c and tf 
are interbcdded with the limest^me as well as with the ore. The same 
Uling maybe also seen in Fig. 1, Plate XXXI., which is a cross-section of 
the Orosslield Company's "ojwncut." Here the shale bed /was seen lying 
between the ore d d", and also continuing on between the beds of lime- 
stone e and c' for as far, at least, aa shown in the section. Fig. 3, Plate 
XXXI., is a section seen in the Eskett Iron Ore Company's No. 4 Pit. 
Nests of shale, as shown, were siirroiinded entirely by hematite. The 
horieoutal suction of tliese nests wtTe roughly circular, aud the laminations 
of the shale were parallel to the " roof b, which is the same bed as that 
overlying the ore shown in Plate XXYII. A similar nest of shaie is 
shown in Fig. 3, Plat« XXXI., which is a section seen in Lord Lecon- 
Seld's Wyudhiun Pit, at Bigrigg. The laminations of the shale are io 
this case also parallel to the bedding of the surrounding rocks. 

Another &ct of frequent occurrence, which it is desirable to mention, 
is the shaly nature of the "rwjf." In Plate XXVII., Fig. 1. Plate 
XXIX., Figs. I and 2, Plate XXXL, there are deposits with shale 
" roo& :" aud in Fig. I, Plate XXIX., it may be seen that the shale beds 
e and f', forming the " r'wf" of tf' and «"" repectively are iuterljeddeil with 
the surrounding rocks. This fact is also seen in Fig. l. Plat« XXXII., 
which is a section of the deposits worked by the Sculelands Company. 
In this section there arc shale beds c' and c*' interbeddod with the limestonOi 
fbrming aiau the " ruuf ' of thu deposits (^ and if' riMpootively, A twj 
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a deposit with a shale "roof" 



ISfi 
1 Fig. 2, Plate 




GUTions sectioD o 

XXXII.; it was seen in No. 1 Pit, beloiigiug to the Salter Hall Company. 
Overlying the ore there was a thin bed of shalt, whith suddenly thickened 
as shown at c. At the same time the ore below it changed entirely in 
quality, becoming very much poorer; in fact, the change was from good 
hematite to a substance httle better than irony stone. 

A fact which the writer has very often noticed in connection with 
the shale partings, as wull as with the *' roof" and "sole," when either or 
both of them is shale, is that the ore next the shale, if that be not black 
and slaty, is \-cry much softer than it is a foot or so away from it, the 
aoftness increasing as the shale is approached. 

In some of these deposits the ore has quite a liedded appearance, 
This feature is very well displayed in Todholes Quarry, below the shale 
beds which ran through the ore, as mentioned in Part I. of the Iron Ores 
of Great Britain. It may also be seen in the Cieator Iron Ore Company's 
new "opencut," of which Fig. 3, Plate XXXII., is a cross section. 
At a distance the ore has all the appearance of red stained limestone, 
Bcch as may be seen near Park Mines in Fumesa. The dip of those beds, 
aa shown in Fig. 3, oori'cspomls exactly, both in direction and amount, 
with that of the adjoining limestone, on the same side of the fault. Some- 
times where the ore is bedded in this way the alternate layers are hard 
and soft. 

Another Ihct of frequent occurrence, which may also be seen at the 
Oleator Iron Ore Company's " opencut," is the existence of jointa in the 
ore somewhat similar to the two seta of joints (beside the bed joints) by 
which all rocks are more or leas intersected. One set, running nearly 
east and west, is shown in the section by short lines at right angles, or 
nearly so, to the bed joints. The other set runs nearly north and south, 
that is parallel to the plane of the section. They are not strong, persistent 
joints such as aiv found in the limestone, or even in the slate, but are 
quite short and interrupted, as rapreaented in Fig. 3. So far as the 
writer's experience goes, they only occur in the hai-dcst ore ; and those 
having an east and west direction are more numerens and strt^nger than 
those running at right angles to them. 

Fossils are sometimes met with in the ore, but they are very rare and 
restricted in variety. AH those found by the writei- are species of coral, 
and be is not aware that tlie remains of any other organic form have 
been found in this district. It has been several times asserted that 
certain species of Carboniferous plants had been found, but upon dose 
inquiry it turned out that there was not sufficient evidence to show 
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exnctlj- nlierc they came from. PTObably it was from the grit "roof" of 
the deposit in which they were said to be found, as the deposit in which 
tlieae plant* were alleged to be found, had a grit " roof." 

Associated with the ore of these deposita are frequently found ciyBtala of 
caleit*, cryHtflliscd and grannlar dolomite, and crystals of quartz, more rarely 
barite, either laminated or in tnbnlar crystala; also arragonit« and pyrite. 
Once in Fletcher Pit, the writer met with flourite, and Mr. James Davidson 
Btat^js that he has found it in Lord Leconfield'a mines at Bigrigg. These 
mines have also yielded a quantity of hausmannit*. It occurs in " loughs" 
in the hematite, as shown in Fig. 1, Plate XXXIII. Gothite has also 
been found in them tie shoivn in the above figure. In Birks Mines pyrolusite 
has been found ; in (he Eskett Iron Ore Company's mines manganite; 
and in Salter Hall Mines crystalised sidcrite and xanthosiderite. This 
latter mineral occurs along joints in the hematite, and has usually been 
looked upon by those who have seen tt in the distriL't aa a fneail organic 
fomi. 

Deposits is the Upper Coal-Measubeh. — The only deposit of 
hematite, in these rocks, that has been worked is that which occnrs at 
Millyeat, near Frizington, in the northern part of the district. It is now 
sometime since it was worketl, and no record appears to have been kept of 
what waa done, so that there is not very much known abont it. The ore 
occurs in the form of n bed, as shown in Fig. 3, Plate XXXIII., which 
gives a plan and section of it. 

Both above and below the ore there is a thick bed of tiver-colonred 
shale (!"• and ft of No. 1 section in tlie introductory description of the Coal- 
measuri's), as seen in the above plan and section, but which is more dis- 
tinctly shown in Fig. 2, which is a section of the bed as seen by the writer 
in the botttjm of tlie stream that mns down by the mill. 

Here the ore is split np Into three minor beds by intermediate layers 
of soft shale, but on the S.E. side of the valley, where it was worked, it 
was still more divided, as shown by the following section : — ■ 

Ft Id. to. 

l.-Or« 1 ... — 



L— On 
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The quality of the ore is very variable, but the best of it is about ob 
pure as any tliat has been found in the district, as the ffillomiij; annJyBiH 
will show: — 



Peroiide of iron 
Phosphate of iro 
Silioa 



W The appearance of this ore, both as regards colour and texture, is veiy 

I much like the finest too] steel, but the poorer ore is quite earthy looking and 

f of a bright red colour. It contains a large proportion of lime. In some 

cases thin irregular layers of limestone are actually seen in it, and in some 

places it is very much intersected by joints. 

PART III.— AGE Of THE DEPOSITS. 

On this point more has been written than on any other connected with 
the subject. So far as the writer has been able to gather from what has 
been said there seems to be a general agreement that the ore is older than 
a great part of the Permiaus. This, in fact, is proved by the existence of 
hematite fragments in the Lower Permian Breccia. But how much older 
it is than this breccia is a point which has not yet been satisfactorily 
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Professor Harkness and Sir Roderick Murchison. in a paper on the 
Permian Rocks of the North-west of England," read Feb. 3rd, 1 8C4, before 
the Geological Society, say — *' The mode in which that yaluable ore of 
iron, hematite, is found deposited in pre-eidfiting cavities of the carbo- 
niferous formation, and se-aled up by " crab rock," is a matter of great 
geological interest. Joints, fissures, and caverns were doubtless formed in 
liie older rocks antecedent to the deposition of the Pennian Strata, and in 
these the ore of iron, so nidely diffused throughout the Pennian Rocks, 
have in this portion of the north-westeni region assumed the characters 
of hematite. This circumstance justifies the inference that these hematite 
ores are the result of an agency which ushered in the Permian epoch. 
The earlier Permian Rocks of both England and Scotland are strongly 
impregnated with iron, their composition consisting principally of silica 
and an oxide of this metal. This latter substance originated from the 
aame source which, during the commencement of the deposition of the 
Penrith Sandstones, filled up the fissures in the Carboniferous Limestone. 
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This oonclnBion is applicftbic not only to the Ulvereton ilistrict but also 
to that of Cleator, south-eaet of Whitfihavc^D, where valuable deposits of 
hematite are also obtained from the cavities and fissures in the Carbo- 
niferouB Limostone which, at ono time, was here covered over by an ex- 
tension of those Permian breccias and sandstones now farming an escarp- 
ment a short distaiiLic west from Cleator Moor." 

In a paper of the ftuthor'a on the " Hematite Deposits of Whitehaven and 
FtiniesB," read before the Manchester Geological 8ociety, January, 1875, he 
ventured to dispute the conclusion of these anthorities, that the " Crab- 
rock" of Fiirness was a Permian brewia. saying that " having carefnlly 
surveyed the whole district, he believed this ' Crab-rock' belongs to the 
drift period and not to the Permian system at all." This conclnsion is 
supported by the map of that district, recently published by the Geological 
Survey. On that map no notice is taken of the " Crab-rock," but Bnroly 
there would have been had the surveyors considered it to belong either to 
the Permians or to any other group of rocks below the drift. This " Crab- 
rock," therefiire, afibrds no e^■idence whatever of the Permian age of the 
hematite, for that ore might, for anything this breccia proves to the con- 
trary, have been deposited during the Trias, or even during the Jurassio 
or Tertiary period. 

Mr. E. W, Binney, in a paper entitled "A glance at the Geology of 
Low FumesB, Lancashire," read before the Manchester Literary and Philo- 
sophical Society. Dec, 2Hth, 1847. says — "The beds of iron appear to have 
been formed after the Carbonifen^us Limestone, and before the deposition 
of the Upper New Red Sandstone." The same writer, before the same 
Society, Nov. 1 5th, 1 853, in a paper " On the Origin of Ironstones, and 
more particularly the newly-discovered Red Stone at Ipstones, nearCheadle, 
Staffordsliire, H-ith some account of the Ironstones of South Lancashire." 
Biiys — " The position of the bed of hematite at Ipstones is between tbo 
npper port of the rough r<x:k and the Woodhead Hill stone, somewhere 
near about the position of the nine-iueh seam of coal in the author's sec- 
tion of the l^jwer Coal-field of Lancnshire. In other districts where this 
little seam is found (and it is more constant in its thickness over a great 
distance than most other coals) 8i>me large deposits of carlKmsIv of iron 
are met with in the shales above it; so iron then appeared generally paiwt 
in the waters uf the carltoniferoiis sea, and the cause of the depc«it at 
Ipstones being presen'ed from being oorivertMl into a protoxide, most 
I)rul>ab]y arose from there being a less quantity of vegetable matter in the 
waters tlierealxmta than had been generally the case during the deposition 
of the enrboniferous strata." Again in a paper. " On the Age of Henutile 
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Iron Deposits of Furnees," read before the above-uamed Society, Dec. 10, 
1867, Mr. Biimey says — " When hia papers (the two quoted above) were 
written, conclusive evidence conld only be griven of the age of the liemutite 
iron of Ipstones, in StaffordBhire, which was clearly iiiteretratified in the 
Lower Coal-meaaures between the Rough Bock or Up[)er Millstone Grit of 
Professor Phillips and the Geological Survey and the Uannister coal. 
Some years since Mr. Bolton, of Swarthmoor. near Ulverston, showed him, 
anion gHt other fi>ssiJH, a beautiful specimen of iS'^i72aria Fasi^H/aru, exhibit- 
ing both its external characters and its internal strncture, quite as perfect 
in every respect as the specimens found in the Gannister or hard coal at 
Halifax or the Bullion seam of Burnley, all converted into hematite iron. 
At this time no doubt existed in his mind of its havuig come from one of 
the Fumess Iron Mines, but Mr. Bolton conld give him no proof of the 
exact locality where it was found." Further on Mr. Biuney writes {when 
referring to some specimens belonging to Miss E. Hodgson, of Ulverston) — 
" They do not exhibit their external chanictera so well as Mr. Swainson's 
(Mr. Bolton's) specimens do, but one is a StigTnaria, the root of SiffiHaria, 
and another Lepidodendron, two common coal plants which indicate the 
carboniterous age of the depi)sits in which they were found as clearly as 
any fossil organic remains can do. There is no doubt about Miss Hodgson's 
specimens. They came trom the Water Blean Mines, and plenty more 
may be obtained from the same place. They are all converted into good 
hematite iron, that subetanco having metallized them in a similar nay, as 
we find plants in the Coal-measures converted into the carbonate of the 
protoxide of iron or carbonate of Ume." And again — " The discovery of 
common coa! plants not only embedded in but actually formed of hematite 
iron surely indicates the Carboniferous age of the deposits in which they are 
found as clearly as it well can be, for the plants mast have been floated 
in with the water which brought the iron, or else they must have &Uen 
into the cavities when such were open at tlie top and the iron was in a soft 
.ttate. Of course the occurrence of such plants as Sigiilaria, LcpidodtnidTon, 
and Valamifes, occurring as they do, in beds fi-om the lowest to the highest 
OarboniferouB Strata, would give little evidence of any particular part of 
that epoch, but the Sigiilaria Vascularis, so far as yet knomi, ia confined 
to the Lower Coal-field, not far in geological position from the Ipstones 
hematite preWously alluded to and the valuable clay-band ironstones now 
wrought at Hazlehead, west of Penistone. Tbe deposits of hematite in 
Fumess and Cumberland, found in hollows of the Carboniferous Limestone, 
and covered up by till or ' pinel,' as it is locally tenned, or more rarely by 
Permian breccia, are so much alike in all theii' characters that if the origin 
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and age ol' one of them are clearly proved, those of the rest must fgllow 
almost as a uecessaiy consequeuce." 

Tbe Tatst of hematite being intij^tratified with the Lower Gunt-mc-aflures 
at Ipetone provos t» Mr. Binuey that that ore at any rat« is of Lower Cu&l* 
measure age. The Funiesa deposits and those of this district he snppuses 
to be of the same age from the fact of a Siffillaria Vaseularu, oonverted 
into hematite, having, presumably, been tbund in one of the Furaeas de- 
posits. But it hus been seen that at Millyeat a bed of hematite is inter- 
Btrntified with the Upper Coal-measures. Now timt cannot possibly be 
of Lower Coal -measure age, so that unless then; have been two ur more 
periods of hematite deposition in this district the other deposits are not of 
that age either. In tracing the physical history of the district it is soon 
pcroeirud that from the commencement of the Oarboniferous era to 
near its close there was no perceptible breach of continuity in the process 
of rock formation, but that trom the bottom bed of Limestone to the tup 
of the productive Ooal-mcasurea, layer atler layer was laid on iu nninter- 
rnpted conformity. This is proved by the absence of overlapping and the 
comparative regularity that pi'e\iulB in the thickness of the sti'ata formed, 
during that time, over the northern part of the district. The tilting and 
accompanying faulting of those rocks could not, therefore, take place tefore 
the period of upheaval and denudation which is marked by the physical 
break that occurs between the Lower aud Upper Coal-measures. This 
being so, it follows, if the ore in the Carboniferous Limestone is of the Lower 
Coal-meosiire age, as Mr. Binney aays, that these dejioeits must have been 
interoected by the fanlts alongside which they lie: but Is this so? In Fig. 
1, Plat£ XXIX., there are what may be looked upon as tliree distinct de- 
posits of ore — «*, e," and e'" — the two first being on the north aide of the 
fault, and the last on the south. Had these deposits boon intersected by 
the fault — that is to say had the ore been there before the fault whs formed, 
part of «' and e" would have been found tm the south side of that fault and 
part of e" on the north siile of it. But this is not so, and therefore it fol- 
lows that these deposits, at any rate, oould not possibly be of the Lower Cool- 
measure age, iu fact they could not tiave been formed before tbe sub- 
mergence which preceded the deposition of the Whitehaven Sandstone, so 
that they ore probably of the same age as tlie Millyeat ore. It will thius 
be seen that both the Upper and Lower Carboniferous deposits are younger 
than they are supposed to be by Mr. Binney, for what has been proved of 
the deposits shown in Plate XXIX., Fig- I, is equally true of all the others 
in the same rocks, although it eunn*jt be directly demonstnited for the simple 
reason that in every other case, so far as the writer is aware, the throw of 
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ttie fenlt ia bo large that, either the limestone in which the deposit occurs on 
one aide ia tliromi off on the other, or that the pits working the deposit 
on one aide are not siifliciently deep to enable the (XirreHponding hurizon 
on the other to be reached, or if deep enough, are not on the right side 
of the fault. 

A glance at Plato XIX. will ahow that those east and weat faults which 
M* up to the south are entirely prc-pennian, their last mo-vement having 
taken place since the deposition of the Whitehaven Sandstone. The ex- 
tent of that movement haa not yet been ascertained, but it is certninly over 
thirty fathoms in some cases, fur the great Coal-measm^ fault has thrown 
the Whitehaven Sandstone out altogether on the south. The principal 
north and south faults are also of pre-permian origin, but they have had a 
movement since the de|K)sition of the St, Bees Sandstone. In some cases 
this movement has amoimted to sixty fathoms. Now, since the ore was 
certainly deposited before this movement took place, it will be seen that 
alongside a north and south feult a deposit of hematite in the same bed of 
limestone may be very much higher on one side of that fault than it is on 
the other and yet not be older than the fault, but simply older than the 
last movement of it. These remarks are made by way of reply to those 
who maintain that, becatiBc they have seen a deposit of ore thrown by a 
north and south fault, all faults must necessarily be younger than the ore. 
To those who hold this view it seems that the large masses of ore which lie 
by the great Coal-measure faidt at Muntrcal Mines are but parts of still 
larger deposits which have been intersected and dislocated by the fault, the 
remainder of the ore being at a depth of nearly SOU tathoms and uuder the 
Cleator Moor Coal-field. The fallacy of such an assumption as this — for 
it is nothing more — the author would submit, most be apparent to any one 
who has considered the above observations. So far from this fault ha\Tng 
had a movement of about 240 fathoms (its full throw), since the deposition 
of the ore, it seems extremely probable that it has never moved at 
oil. In saying this the author is not unmindfid of wliat he has previonsly 
said — that the ore in the Cartoniferous Limestone and the Millyeat ore sxe 
probably of the same age. The point is pressed also with due regard to 
the statement, just now put forward, that some of the east and west faults 
have had a movement of unascertained extent, Binc« the formation of the 
"Whitehaven Sandstone, in which, like a bed, the Millyeat ore occurs. The 
reconciliation of these apparently oontnidictury statements will be found in 
the explanation which will be given further on of the origin oi' the deposits. 

Retiu-ning to the starting point of the ahiwe digression, tlie inference 
etill remains that the ore in the Carboniferous rocks could not have been 
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deposited before the siibmi^rgence-which resulted in the furtnation of the 
Whit«havca Siindstone. T hi; depuaits in the granitt^, the Skiddaw alate, 
iiud tbe Cunistoii limestone, are donbtless uf the same age, although ut pre- 
sent there seeius to be no meaoB of pniviiig it, but it does not appear at all 
likely that there was more than one period of hematite deposition. The 
way in which the veins In the granite and Skiddaw slat« ocum in tbe sides 
of hills, dying out at a uomparatively uniform depth below tbe surfaoe of 
those hills, notwithstanding that that surface varies very considerably in 
altitude, as shown in Fig. i, Plate XXIl., suggests, if it does not prove, 
that the ore in these older rocks was not deposited until after the hills had 
BBSumed somewhat of their prisent contour. Altogether it may safely be 
considered that the hematite of West Cumberland is older than the Lower 
Permian breccia, but younger than the bulk of the C<«1- measures. This 
cunclusion is e<:|ually applicable to the PumeBS ore, as well as to that in 
the Carboniferous Limestone of Derbyshire, near Newhaven House, and 
that in the Lower Ooal-measures of StafTordshire. The time during which 
it is possible for the ore to have been deposited is rendered by the above 
limitation, very small, geologically, but when the origin of the deposits is 
considered, there will probably be no difficulty in firing their age. 



IV.— ORlom OP THE DEPOSITS. 
Various attempts have been made to answer this question, but n'me of 
them are at all Batisfactory. Mr. Biiiney, in his paper on tlie Geology of 
Low Furuess, already quoted, says — " The quantity (of iron) in the Iron 
Mines of Low Funiess is such as to indicate a prmiinity to the soureo 
whence it originated. It appears to liuve been thrown up by volcanic 
action and then cari'ied by some means into the valleys and fissures where 
it is now found. Bat whether the iron was injected into the plac«« where 
it is now met with through the fissures immediately below, or was first 
mingled with the waters of the sea when they flowed through the fissures 
and caverns of the limestone and gradually filled them up with the metallic 
matter held partly in solution, as Professor Sedgwick thinks, it is ditRc^idt 
to determine." Again, in his paper on the " Origin of Ironstones," Mr. Bin* 
ney says — " After examining the beds of hematite fonnd in the Carbonifcroiia 
strata in regular beds, as in the ^ieinity of Whit«haven and those at 
Ipolcnes, no one can doubt that they had their origin in volcanic vents 
and flowed inUi the waters of the gea, where they were depostlcti, layer 
by layer, with the argillaceous and sili(W>UB impurities found associatud 
with them, like any other substance thrown down from Biispcnsion. 
This is evident from the beantiflilly l&minnt«d struetnre of the Ipstoncs 
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bed." In the diBCUBSion which took place in Maochester, after the publi- 
cation of the author's paper on the Hematite Deposits of Whitehaven and 
Fomess, Mr. William Brockbank is reported in Part it. Vol. XIII, of the 
Manchester Geolo^cal Society's Transactions, to have said — " In the 
porphyiy of Bowfeil there are large veina of true kidney hematite ore, and 
especially in the hollow or cleft between iW two summits. The pike of 
Bliscoe, in Langdale, is deeply veined with hematite and the red tani behind 
its summit derives its name irom the hematites which fomi its ahorea. 
Indeed so rich are the veins of tme hematite in the older rocks at the head 
of Langdale that it has been in prospect to carry a raUway up to work 
them. 

"There arc tme hematites near the summits of Scawfell. Theecrees 
at Wastwater are veined with them. Red pike or Ennerdale g^ts its colour 
and name irom hematite ore, and in this locality it was smelted by the 
Romans, All these are in the syenite, porphyry, and other oldest igneous 
rocks. There are very rich mines now worked in clay slate at the foot of 
Graamere, and there is a railway making up the Eavengiaas valley to con- 
vey the ore from miuea which occur in veins in the granite and other older 
rocka. At Lindal, in Cartmel, a vein of hematite can be seen between 
the clay slate and limestone, and all round Arusidc Knott are true veins 
of hematite ranch altered by lieat. These, then, are instances of the oc- 
cnrrence of hematite ores directly from their present source, and in my 
opinion they prove the origin of hematite ore to be igneous." Further on 
Mr. Brockbank is reported to have said — " Now, Profesaor Phillips de- 
flcribea the great igneoua, granite, and syenitic masses about Scawfell and 
Bowfeil as having been in fusion since the deposition of the clay slates, 
because the latter are everywhere found to be indurated and metamorphosed 
I by their action. It is these very igneous rocks which now bear the hcma- 
1 tite veins above described, and we thus have a direct due to the origin of 
&e rest. Bearing in mind that the clay slates of Dent were not yet above 
the level of the ocean, we may picture these igneous centres pouring out 
the ferruginous stream of lava-like matter seawards, where it would meet 
the CarboniferooB rocks tUted and fissured, and thus fitted to receive it. 
Then tbllowed the Permian era, and after long ages the great final up- 
heaval by which the outliers of the Lake District, Dent-fell, and Cold-fell, 
in the Whitehaven district, Blackcomb, in the Millom, Ireleth and High 
Hanme, in the Fumtsa district, were pushed through, tilting the Carbo- 
niferous rocks, and again fisauring them in al! directions. This again 
would not be the work of a moment, but it would in all probability occupy 
an epoch giving time enough for denudations and the wearing out of the 





auliterranenn water-coureee or caverns which became fiUed with the hcma- 
titea wherever circiimataTicca were favonrable." 

Afterwards, Mr. Plant, qnoting Profeaaor Newberry, geologist for the 
Stat* of Ohio, aaid : " Red hematite consists mainly of peroxide of iron. 
the ores of which have been plainly derived from limonite (brown hematite) 
by loss of the combined water. The famous Cumberland ore of England is 
a typical example of this variety. Thia waa once a hydmted sesqnioxide 
deposited from water in concretionary masBes. and hH\-ing a fibrous, 
radiated structure. Similar ore is found in various porta of the world : 
wherever, indeed, a limonite has been subjected to metamorphic action, by 
which its water is removed, hematite is found in concretions or botryoida] 
masses in gand or clay, filling crevices, pockets, and haaina, or incmsting 
slopes — wherever, indeed, cbalybeat« waters have precipitated its iron. It 
is often associated with limestone rocks, because they are more easily than 
others dissolved by atmospheric water, bo as to form caverns and galleries 
where the ore may accumulate, and also because the limestones contain 
mnch iron, and in the removal of the carbonate of lime by solution, tbo 
oxide of iron is left, and, to a certain extent, takes its place." 

In the discuasinn of a paper by the writer, on "Hematite in the 
SihiriauB." pnblished in the Quarterly Journal of the Geological Society. 
May. ]87(i, the late Mr. David Forbes is reported to have said. " that the 
direction of the vein-like deposit* is due to their being formed in pre- 
existing fissures, into which hematite has been injected. Whptt hematite 
is found in caverns it has been washed in by water." 

It will have been noticed that all these explanations, as well ns that 
given by Professor Harkness and Sir Roderick Murchison. in their remarks 
npon the age of the deposits, require the existence of caverns and fissures 
in which tlie ore could accumulate. But those who have followed carefully 
the previous remarks on the inner nature of the deposits will pnibnbtr by 
this time be convinced that the deposits were not formed in either caverns 
or fissures. Take Fig. 1, Plate XXXI., for instan«>. it must be clear to 
everyone that the ore shown there could not by any fmssibility have been 
formed in a caveni. The thin bed of shale/ nmning through the ore also 
paases without interruption right on into the side rock r and c"; in fact, it 
is interbcddod with the limestone, and therefore must have been formed at 
the tame time. Now, such being the case, it is evident tliat the ore which 
this gmrting intersects cannot have been throvk-n down in a euwm ]ire- 
viously formed in the limestone, for ifao, this thin parting, being now io 
the Munc rt^lative |>oBition to the surrounding roiks as it was when finit 
dep(isit<'d. must have stretched across that cavern, and innat conBCijiiently 
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have been able to atand without mtenneditite §uppnrt aoross an opening 
five or su fiitliums wide. Such a tiling is, liowever, iiltog'ether impos- 
sible, for it mnst be evident to anyone that this thin parting could not 
poaaiblj stand for a moment if the aupitort was taken from it, as it must 
have lieen if it liad spanned a cavern. Besides, it has already been seen 
that the ore was preceded by the faidts. so that the shale parting /wonld 
receive no support from the rocks on the west side of the deposit, aa it 
had then no connection with'them, having been severed sometime pte- 
vionsly by the fault. It must, therefore, have et-ood out from the side of 
the cavern like a cantilever. Such a thing is, however, quite impossible; 
BO that it may be said with certainty that the ore in question was not de- 
posited in a cavern. In the author's paper " On the Hematite Deposits 
of Whitehaven and Furuess." it was shown that the same thing held tor a 
deyiosit at Eakett Park ; and the same thing is also shown by Fig. 8, 
Plate XXX., for the Salter HaU deposit. Fig. 2, Plate XXX., and Figs. 
2 and 3, Plate XXXI., seem equally conclusive, that the deposits in 
which they were seen were not foraicd in a cavern. The sliale nests and 
partings in the ore shown in these sections were evidently formed before 
the Carboniferous limestone had been disturbed, since the laminations of 
the shale in each case are parallel to the bedding of the roi^ks surrounding 
the ore. But it has already been seen that the ore was not deposited until 
after the limestone had been tilted and feulted. It is therefore clear that 
those nests and partings eidsted before the ore was thrown down, which 
shows that it could not have been laid in a cavern, or the shale nests 
wonld have been floating in mid-air. This conclusion is further extended 
by Phil* XXVII., Fig. 1, Plate XXIX., and Figs. 1 and 2, Pkte XXXII., 
where the ore has a shale " roof." No one at all acquainted with such- 
like deposit* could for a moment suppose that the ore there shown conld 
by any possibility have been deposited in a cavern. If at the present 
time in working the ore but a few square yards of these shale " rooft" be 
left unsupported, they very soon fall away. How could they have stood, 
then, before the ore was deposited as the " njofs" of immense caverns 
several acres in extent ? It will be seen by an examination of the sections 
that these shale l)e<is could not by any possibility have been deposited 
after the ore, for they are interbedded with the limestone, and conse- 
quently contemporaneous with that rock. Even dejjoaits with strong 
stone " roofs" like that at Parksidc, could not have been formed in a 
cavern. Anyone who has gone through the Peak Cavern in Derbyshire, 
which is the largest cavern in England, mnst have been struck by the 
number of limestone blocks which have fallen from the roof, 
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and now lie in piles upon the floor. Tet the size of the largest chamber 
in that cavern \s, as it were, a mere " lough" compared with that which 
would be necessary to hold the Parkside deposit; in fact, it iB not one-fortieth 
of the area. Then, the great, re^ilarity of the " roof" of the Parkaide 
deposit, and the alacncc of roof-stone fr^;mentB on the " floor" (both 
contrasting strongly with the Peak Cavern) prove conclusively that that 
deposit is not a filled cavern. 

What has been shown for some of the deposits is equally certain of 
the others, as could easily be shown were it necessurj to multiply exam- 
ples; so that it may be with every confidence asserted that at any rate 
the ore in the Carboniferous limestone was not deposit^id in caverns. 

That the MUlyeat ore is not a cavemons deposit will probably be 
admitted by all, notwitlistanding its great resemblance to the deposit 
shown in Plate XXYII., which would generally be looked upon as haTing 
been formed in a cavern. 

It will be as well next to see liow far the idea about ravcms and fla- 
sures is supported by the deposits in the Skiddaw slates and the Eskdale 
granite. It has been seen that the ore in both these rocks docs not occur 
contiDuoiisly in the veins, but that each vein consisle of a number of 
" bnnches" or " bellies" of ore, which are connected by what the miners 
call a " leader." Many of these " bnnches" preseut an area of several 
hundred square yarde when viewed in longitudinal section, as niU be seen 
on reference to Fig. 2, Plate XXII. Now, in extracting the ore. especially 
at Kelton Fell and Enockmurton, the miners find it necessary to use a 
quantity of timber in order to keep up the "hanging cheeks." When 
" stoping" they cannot leave many yards square of the " cheek" unsup- 
ported, or it would very soon fall away. How could it hare ever so stood, 
then, for hundreds of yards whilst the ore was being deposited, if it was 
deposited in an open fissure? Clearly it mnst have fallen away. That 
it has not done so is a proof that the ore was not deposited in u fissQre. 
Besides, the section given in Fig. 1, Plate XXIIl., beiirs no resemUanoe 
whatever to a filled fissure; yet immy similar forms may be found in these 
wins. 

The same thing cannot be shown so directly in the Water BIcan an, 
but the author's impression is that it, like the others, was not deposited 
in caverns, as will appear further on. 

The eiTect of the foregoing coneluBions ia to show the inadequacy of 
all those attempted eitjilaimlions of the origin of these dejMisitfl which 
involve the assumption of pre-existing caverns and fissures; that is to say, 
of all the exphuiiatiou hitlierto gii-eu by other writers. Those, howewr, 



who have not witncssei! tlie fiiots on whicli they are baBed may fail to fi 
their full force, bo that it may not be undesirable to look at the queation 
from another fioint of view. The fact which chiefly iodines writers and 
thinkers to the idea that these deposits are filled caverns and fieeures ta 
that they present external forms exactly similar to what they wonid have 
had if the ore had actually been placed in such receptacles ; but it must 
not be forgotten that aimilaritieB are not identitiee. Moreover, it will be 
shown further on tliat precisely similar forms might be imposed ujion 
the depoaits by an entirely different process, yet one which is consistent 
with the rcmainiuK facts. The only other feature of the dcposita that 
has been put forward as suggesting that they are filled cavema is that 
sometimes in working the ore the miners strike into a " lough" every side 
of which but that ^;ainst the ore is limestone or " whirlstone," This, it 
is said, is part of the cavern that has not been filletl. Now, if these 
" longhs" always occurred at the top of a deposit, there might be some 
force in the assertion ; but, seeing that they are found at the bottom and 
sides as well, this ai'gument is much weakened, for those at the lower 
levels would surely have been filled. 

Having shown that the ore conld not possibly have been deposited in 
caverns and fissures, and thereby exposed the insufficiency of previous 
explanations, it may seem unnecessary to follow them further ; but, in 
order to show their general incompetence, tlie writer will make a few 
observatkiua on the auggeated modes in which the caverns and fissures 
were filled, Mr. Bioney and Mr. Brwkbank are of opinion that the ore 
is of volcanic origin, and that it was either injected into the places where 
it is now met with, throngh fissures immediately below, or it was first 
mingled with the waters of the sea and then throivn down as a sediment. 
Referring to Fig. 3, Plate XXII., and its description, it will be seen that 
everything in the vein is arranged in lines parallel to the " cheeks," as 
shown by the kidney ore e". In the veins at Eelton and Knockmiirton 
the same tiling is seen. Now, sedimentary deposits do not take place in 
this way ; they seek the lowest level possible. Moreover, no deposits are 
known which ai-e formed on such steeply-inclined and overhanging l^ces 
as the " cheeks" of veins but chemical precipitates. That the ore waa 
not injected directly from below into fissures is clearly shown by the gash- 
like form of the veins, the ore generally becoming less and less as it goes 
deeper. The reverse woidd have been the case had the ore come from 
below, for as the distance from its source increased, the work to be done 
by the ore would be increased too, and consequently the available energy 
would become less and less ; so that as the ore moved forward its dimen- 
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sionB would have to bt- gradually rodueed. Thus it wonld happen, that 
if the ort) had lje«n injected from below it would havf boTOtne thicker 
in depth; but as a matter of fact exactly tio revoree is the case. 
Again, it surely is to be eipceted that there would be present some 
evidence of thu c^cining cSect of these massee of molten matter, such aa 
a hardening of the enclosing rocks ; but in fact this is not so, but the 
reverse. So tJiat it may be taken for granted that the ore in these veins 
was not deposited in a molten slate, nor indeed as a sediment from water, 
for the reaaon given above. Neither waa the ore in the Carbon iferous 
limestone de|.xwit<i(l in either of these ways, as is shou-ij by the existence 
in it of fossils belonging to, and in some cases ^insisting of, that rock. 
Besides, the growing trjgether of the limestone and ore in both these 
deposits, and that at Water BIcan in the Coniston limestone, is quite 
opposed to either of the above explanations. 

The views of the late Mr. David Forbes, go far as they can be gathered 
from his few remarks on the subject, appear to have been somewhat 
similar Uj those of Mr. Binney and Mr. Brockbank. sothat it is not neces- 
sary to notice them separately ; neither is anything s]ie<;ial fonnd in the 
opinions of Professfir Newberry, Sir Roderick Murchiwjn, and Professor 
Uarknesa. A.Hei these preliminary remarks, the author will proceed to 
give his theory. 

It is known that when certain material elements, or certain eombina- 
tions of those elements, arc brought into euntail under ctTtain conditionji 
there takes place between them a chemical reaction. For instance, if s 
piece of chalk is dropped into a solntinn of pen:liloride of iron, there at 
once sets in a reaction between them ; piirt of the chalk is dissolved, and 
a red precipitate thrown down in its place. In time the chalk would 
disappear altogether, and nothing be left but this red precipitate. Now, 
that seems to be the process by which the hematite deposits were produced. 
The limestone, the slate, and the gmnite were each attacked like tbe chalk 
in the above eitperiment by a solution of iron, by which parts of them 
were removed and peroxide of iron thrown down in place thereof. Ap- 
plying this explanation first to the Uuiestone deposits, and eepedally to 
that shown in Fig. I, Plate X>lX1.. and supposing that </ and </ wen 
originally beds of limestone with the shale parting / between them, and 
that by a process similar to that seen in the above experiment, iheae 
limestone beds were replaced by are, the reason why the shale parting has 
never fallen away becomes apparent ; for of course it would never bo left 
nnsnpp<irt«xl, for as the limeAtone was taken away in sohitiou Uiv ore 
would be thrown down in its pUce. The same explanation shows whj 



the ehale partings in the ore in Fi<^. 2 und 3, Plate XXX., and the shale 
"rix)fa"in Plate XXVII.. Fig. 1, Plate XXIX., Figs. I and 2, Plate 
XXXI,, and Figs. 1 and '2, Plate XXXII., have not falien away. It 
shows, too, how thu nuBts of shale in Figs. 2 and 3, Plate XXXI., whicJi 
certainly were funned before the ore, have come to be in the uppai-eutJy 
aaomoloQB jHwitioii in which they are found. As already st^ited, these 
neBts must have been deposited before the roeka were tilted, and therefore 
before the ore was deposited ; for that did not tuke place until the rocks 
had assumed very mnch of their present position. The shale must have 
been deposited along with the limestone, but otfering, as it would, a 
greater resistanoe to the iron solution, the limestone around it has been 
removed and re{)1aced, whilst the shale has remained but very little altered. 
To some it may appear dilBcnlt of belief that the shale could be deposited 
in such curious nests contemporaneously with the ItmeBtone ; but these 
are referred to the section shown in Fig. 4, Plate XXXIII., which waa 
sketched by the writer in the Salter Hall Mines. 

It ia, however, apart from this section, ei]ua]ly diiBcult to see how the 
neste conld have lieen formed at the same time as the ore was depoaitwi; 
BO that no peculiar diffienlty stands in the way of the replacement process, 
because it is imposaible to show how such ncsta originated. Again, it 
will be seen how it is that the " roof of such deposits as that at Parkside 
has not fallcu ; and also why only those deposits in the Third, Fourth, 
Fifth, and Bottom Limestone hate shale partings. The First and Second 
Limestones, it will be seen by reference to the table, page 113, are not 
split up by partings like those below ; so that no partings could be ex- 
pected in the ore which had replaced those limestones. 

The north and south direotion of the deposits, when not interfered 
with by east and west faults, the occurrence of "gut«" in the " roof" of 
such deposits us that at Fletcher Pit and the " rolls" in the " floor" of the 

, Parkside deposit, as well as the general caveni-like form of the deposits 

B a whole, cau each and all be satisfactorily explained on tlie supposition 

if a I'eplacement process. At one time or another the author has examined 

arly all the principal caverns in England, with the view of seeing what 

t they threw upon these hematiU; deposits, and invariably found that 

e ditferent chamlwrs of those caverns are hollowed out on the lines of 

I'jmntiug, sometimes following one set of joints and sometimes another; 

llmt the largest chambers were along those joints which run nearly north 
md south. This may be well seen iu the Peak Cavern, in Derbyshire, 
lihe three largest chambers of which — the Victoria chamber, the great 
Camber, and the chamiier at the entrance where the twine spinning is 
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carried on — are nn the line of the north and south jointe. Then, again, 
in tbb Blui! John Mine, in the Bauie county, the beautiful chamber known 
as Lord Mulgrave'a dining-room, and the atili larger chamber at the end 
of the cavern, are both on the hne of the north and sonth joints. So 
also are the largest parts of Poole's Cavern, near Buxton. In the Brixham 
Cavern, in Bevonahire, the correajiondcnt* of the different chambers with 
lines of jointing may be very distinctly seen. It is also very well displayed 
in Kents Hole, and in the aathor's paper " On the Hematite Deposits of 
Wlut«haven and Fumess" the same was shown to obtain in a cavern at 
Stainton, in Fnmosa. The explanation is probably this : that carbonated 
water has gainrd aci.'esB tn the limestone along the Joints, and that it has 
dissolved the limestiine, particle by particle, on those lines, and afterwards 
carried it away until at length the widening joints united and formed the 
present caverns. The action of a solution of iron such as has been named 
would jost be the same, only that as the limestone was dissolved and 
carried away, peroxide of iron would be thrown down in ita place. Thus 
it may be seen how It is that the " guts," the " rolls," and the dopoaJta as 
a whole are parallel to the joints. But why they keep to those that are 
nearly north and sooth cannot be explained so clearly, unless it is that 
the joints having this direction are stronger and more persistent. That 
would certainly account for it, and may probably be considered as the 
correct explanation, for as a matter of fact the north and south joints arc 
more persistent; hut still east and west caverns ore found, so that cast 
and west deposits of iron might with reason have been expectod. Of 
oonrse very much will depend upon the manner in which the acithilated 
water obtains access to the rocks; and the author hopes to be able to 
show further on, that it was just this which determined the parallelism of 
the deposits. 

The growing together of the ore and Stone is also explained by the 
replacement process. Being an operation which requires some time for 
ita cora]ileti(in it will of necessity only be complet* where that time has 
been sufficient, From there to the unaltered stone it will be leas and less 
complete, that is to say between the ore and stone there will be a sort of 
" No man's land," occupied partly by atone and partly by ore, the one in- 
creasing as the other diminishes, and cm-h rettuning less of it« pectiliu' 
character as the distance increases from its native land. Tlie greater n- 
eistance presented to the iron solution by the rilii'eouH portiims of the 
limestone is no doubt the reason that tliey were left in masses iu the de- 
posits as now found. The form of these siliceous masses would doubUen 
in many eases aflect the shape and direction of the deposit, as the iron 
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solution would act more easily on the limey portions than on them. This 
is probably the reason that the sides of the ore sometimes take very pecu- 
liar nnd irregular tnms. For the same reason the shale and satidatone 
formiug the roof and sole in many deposits would not be replaced. The 
softer natnre of the ore adjoining some shale bedfl is probably due to the 
admixture of shale with the limestone which the ircn replaced, for the 
change from limey, to argillaeeoua and siliceous conditions would no doubt 
be gradual. The shale thus incorporated with the limestone not being so 
eaflily acted uijon. as the latter rock, remains now mechanically mined with 
the ore, rendering it soft in proportion to the quantity of sliale there is. 

The laminated nature of some of the ore near the stone, and the alter- 
nate bard and soft beds sometimes met with, are botli easily explained by 
the replacement process, as is also the occiirrence in the ore of fossils — 
some converted into hematite — belonging to the Carboniferous Limestone, 
Tliese fossils, like the shale beds in the ore, are an insurmountable obstacle 
to all other explanations, but to this they offer no difficulty whatever; in 
fact, they are another pnwf of its troth and theoretical" nature. 

In applying this explanation to the Millyeat ore, the nature of the bed 
before the replacement was effected cannot positively he ix)intcd out, but 
from the thin iiTcguIar layers of limestone found in it, and the large quan- 
tity of lime which exists in a diffused state in some of the poorer ore, it 
seenM extremely probable that it was originally a limestone. This is the 
more likely, as the horizon is about the same as that of the Spirorlis Lime- 
stone of the "Upper Coal-mcaanres of Ayrshire and Lancashire, etc. With 
a view of testing this supposition the author has several times looked for 
Spirorlis in the ore but as yet has not sunceeded in finding any. That, 
however, is only negative evidence and docs not go for much, if anything 
at all ; but that the bed was originally limestone there seems to be veiy 
little doubt. When the rocks rose from beneath the waters of the Carbo- 
niferous sea, after the deposition of the Whitehaven sandstone, denudation 
commenced its work of destruction on their upturned edges. This con- 
tinued ft-ithout intermission until it was terminated by the submergence 
which immersed the rocks in the reddened Permian sea. Then it was that 
the replacement of the bed of limestone by the hematite was accomplished. 
This, doubtless, is the age of all the other ore t«o, that is to say, early 
Permian. 

The veins in the granite and Skiddaw slate ore also more easily explained 
on the aastmiption that they were foi-med hy replacement, for then the diffi- 
culty of keeping up the hanging wall, whilst the ore was being deposited, 
* Thill wurd U not liere mad an siguif jiug opmiou, a aetue iu which it is too of ton nieiL 
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hai not to br ronteiided with as is the case when also sappoeed to have been 
depoaitcd in fiBsurea. Besides, by this supposition, thei'e is an easy i^Xf)la- 
notion of Iho occurrence of the ore in such forniB m ahouTi in Fif;, 1 , Piute 
XXin., of those pieces of slate in the veins of Ktlton and Knnckmnrton 
which are bo largely impregnated with iron as to be almost indistin^ish- 
abio from some nf the more earthy-looking ore and of the transition from 
granite to ore, descrilK-d as sometimes occnrring in the veins of Eskdalp. 
whilst every other feature of these veins may Ite more simply exi'lnincd by 
replaeeraent than on the asBtimption that they are filled fisenrca. They 
are less than the deposit* in the Carboniferous limestone for the simjile 
reason that the meks in which they occur are more insoluble. 

In extending the explanation to the Wal^r Blean deposit a difficulty 
is met with. Mr. Binney fas already mentioned) states that he has aeen 
several fossil coal plants, converted into hematite, which had come from this 
dep'sil. Now if the ore had replaced the oripno'd limestone, thesnppo«od 
coal plants raiut have been imbediled in that limestone; that is, liovfcver, 
scarcely possible, seeing that the limi-stone is of Rilurian age, so that it 
mnst be concluded either that coat plants have not been found in the dt- 
pfiflit at all; or, if so, that it was not formed by replacement. The author 
choowa the former alternative, for, as already stated, he docs not believe 
that the stractures referred to by Mr. Binney are plants of any kind, but 
simply what is known as " ring ore," whilst the growing t^^igether of the 
limeBt<^ne and ore, similarly to what is seen in the CarlKiniferous Lime- 
stone ile|W8it8. cim^-inoes him fnlly that this dep>»it, like the others, wm 
formed by replacement. 

It is not intended to say much as to the source of the ore. That it 
WHS primarily voliTanic will be admitted by all without hesitation. Tbe 
question of greater interest is, how was it introduced immediately to its pre- 
sent jiositions? Referring back t« the time when, aft«r the denudation of 
the Whitehaven sandBtouc, the rocks were sunk into the Permian aea. iuhI 
Btippc«ing that the eubrndence continued until the highest mouuUitn tops 
were covered, which, from what has been already staled, was the timu that 
the last movement of the east and west faults took place. In all prubs- 
bilitv there would \k a movement of the north and south faultsaa well, but 
OH afready seen it was nut llteir last. Now, if it can Ite supposed that tJio 
iieri'liloride of iron was breathed through tlicse movinj; fnurtnres luid dia- 
solved in the wnt^^^rs of the sea, all the conditions necessary for the pn>. 
dnetion of the West Cuniherl and hematite deposits are present. Tliut too 
mneh is not asaumed will lie admitted when it is rememliered how frt:c]tient)y 
this salt of irtiii is found among volcanic emanations at the prewut time. 
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No Booner then wonld the iron aohttiun be formod than a reai^tion wuuld 
set in between it and the rocks. In the Carbonifunnia limfatone the 
irony wat«r would doubtlesa circulate freely along the lines of faulting, the 
Ihnestone would lje dissolved, and iron thrown down in its plaeo. Thus 
the direction of the faults would in n great measure determine that of the 
deposits, although there mijjht occur cnscB such as that at Loni TiCconfield 
and Wyndham Pit, where the iron would gain access to the limestone 
moi* easily along the north and south joints than on cast and west faults. 
The deposita in the granite and alate, as well as those in the Coniston 
limestone and Upper Coal-measiirea, are in this way also easily explained. 
The proximity of the ore to the eroded surface of the pre-Permian rocks 
and the localisation of the deposits are both necessary consequences of the 
actions involved in this explanation. The gaseous emanations wonld not 
be dissolved until they met the water near the surface of the rocks, so that 
it would be there that the reaction between the iron solution and the rocks 
would take place. The lines of pre-Pennian faulting being the passages 
along which the iron travelled upwards from ite source to the superincum- 
bent waters, it is to be expected thnt the absence of faults wotdd indicate 
the absence of deposits. Now a careful examination of the district em- 
braced in Plate XIX. shows that this is m. Then again, in the hitherto 
barren country between Rowrah and Ullock. there is a great absence of 
foults, the only large one. not having yet been pro\-ed, as to whether there 
ie ore by the side of it or not, 

Those who have read the author's previous papers on this subject will 
notice some changes of opinion in this, the most important being as to the 
source of the iron and the form in which it was introduced to the rocks. 
The replacement process which was preriously applied to some dejxiBits 
only is now extended to all. When fii-st the ivriter began to study these 
deposits the idea nl' caverns and fisaurea was adopted. Very soon, how- 
ever, itfl incompetence to explain the facts l)ecamo apparent. Accumu- 
lating observations spoke stronger and stronger against it, and at length 
completely annihilated it. In its place has been adopted, as more ^reeable 
to the facts, the idea emliodifd in this ]iapcr. 

In conclusion the writer would extend this explanation to the Fumeas 
deposits, to the Ipstones hcmatitc,~and that found in the Carboniferous 
limestone near Newhaven House, in Derbyshire. The " growing together" | 
of the ore and liinestime tliei'e is exactly the same as it is here. The ex- 
planation also seems sufficient for tliL' ort found at Whitechurch, in Gla- 
morganshire, mentioned in Part III. of the Iron Ores of Great Britain. 
The writer there says — " 'i'his lied, aitnate in the Lower Limestone shales, 



is made up ctitiroly of rcmaiiiB of i-ncriuitcB. These habitants of an ani-icnt 
sea seem to have collected in Bome quiet spots out of the rc-ach of furrenta 
and to have had the power of secrettup: iron to a gn&t eit«nt, with the 
lime neoeBsaiy for their support — tracing the same bed west and ctmt, it 
becomes gradually changed into an encrinital limestone." It seemB, then, 
that if it is supposed that part of the limestone has been replaced by iron, 
a very simple explanation of these facts has been arrived at. The lime- 
stone and hematite dopoaitfl in the Devonian limestone near Brixham, in 
Devonshire, and in the )rramtu and Devonian slnte, in Cornwall, would be 
explained in the same whv. The deposits at GiJi-uii, ut Alatun Moor, and 
in Derbyshire, seem to have had a similar origin, as well as many other 
deposits which need not now be mentioned. 
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ENLARGED GEOLOGICAL MAP OF THE SOUTHERN PORTION OF THE 
WEST CUMBERLAND HEMATITE DISTRICT. 
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mOOBHDIHIW. 



PROCEEDINGS. 



. L. STEAVENSON. Ebq„ ii 



The Seceetaey read the miniiteB of the last general meeting, and 
reported the proceedings of the Council. 

The following gentlemen were elected : — — , 



Ob DIB ART MeKEEB — 

Mr. Tou Fattixson Mastin, CoUiei; Manager, AUIuIIditi) Collier;, Mml^^te, 
Cttrlisla. 



Mr. LoriB Clotib, 1, Boroaffh HonseB, Oatealieiul-oii-Tyne. 

SnjDBWTS— 

Mr. A. B. Blabelkt, HoUyrojd, Dpwsbury. 

Mr. H. Child, WUitkirk, near Leeds. 

Mr. Job. Wm. Pattison, Londonderry Offices, Scaham HarTwnr. 

Mr. Skptimus H. Hedlet, Londonderry Offices, Seaham Harbour. 

Mr. Tbouas SuiTH, L«adgate, Conntj of Durbam. 

The following were nominated for election at the nest meeting : — 

ABB0CIATB8— 

Mr. JoHK Eltott Doyle, B.A., Lecturer in Natural Science, St. Peter"* 

Terrace, Birmingliam. 
Mr. Patbick Doilb, C.E., F.O.S,, Superintendent of Pablic Works, Surveys, 

and Minea, Perak, ci'a Penang, Straits Settlements. 

Student— 
Mr. Jaues Eenmbtq Guthbie, Ryton-oU'Tyne. 



-BXPEBIHKKTK WITH fOkl. HVfft. 

The Chairuak annoancod thnt the paper by MeBsra. A. Krcire- 
Marreco and D. P. Moriaon, " An account of some recent Enperimenla 
with Coa] Dnst," was open for discussion. 



Mr. D. P. MomsoN said, the paper was intended more aa a theoretical 
commencement than as a practical following out of the subject. The 
authors thought that it would be advisable to bring the matter before 
the Institute, in order that the members thcmselvea might have the 
opportunity, either in the discuRBion upon the paper or in subsequent 
papers, of bringing forward any practical facta in their experience 
bearing upon the inatt«r. Since the pnbticatiou of the paper they had 
received several cijmmimicjitions from different parts of the country, 
giving instances where cja! dast had ignited from blown-out shota or 
similar causes, as weU as of accidents which had occurred in screens or 
other places where coal dust had been thrown upon fire or flame of some 
kind. There was no doubt whatever that a great many accidents had 
taken place in that way; and it would be very interesting if all these 
could be compiled together in a paper to follow up the humble effort 
wb.v-h Professor Mnrreeo and himself had made, in a thcorelicul way, to 
introduce the sabjoct, which was one well worth attention; and, if they 
(the authors of the papcrj were right iu their conclusions, it was one of 
such importance as to make ita 8i>ecial consideration highly necessary in 
all cases, but more especially where hot and dry scams were being worked. 
One enggestion which had been made in the matter was that, where 
practicable, espedully in the main ways, Uie dnst should be periodically 
watered; and another enggestion which was important, altliough in a len 
degree, was that no tamping of the shot holes should be made with slack 
nr small coal, as the tendency of slack was to allow the shot to blow out 
and very likely to ignite the dust wttli which it came in contact. 

Mr. W. LooAN Btud, that iu grinding coals by a CarT*s disintegrator, 
for making coke, in cases where the disintegrator is clooety coTcred over, 
and the ground coal falls into a large hopper underneath, the air in the 
hopper is heavily charged with coal in a finely di\ided state. He had seen 
an ordinary large oil lamp lighted, and burning with a considerable flame, 
introduced several times into sneh a hopper without caosing an ciploaion; 
hence some other («ndition or conditions seem to be neL^essary to cause an 
explosion when the air is merely diarged with coal dust, and these would 
appear to !« — 

1 . — Tlie coal dnst must bo in a dry state : and, to have full effect, 
the surrounding air must be warm and dry. 
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e the coal dust, must have a high t* 



Q temperature. 
i illuHtrating these conditions owmred, in ISCO, in the county 
of Durham. Two men were working in a warm, dry atmosphere, 
heavily clmrf^d with fine coal dust, at a depth of not less than 250 
fathoms from the surface, shooting down a balk or depression of stone 
which had thinned the coal-seam at the face of a working place. A hole 
WHS drilled in the stone and chargied with powdur. Both men had safety 
lamps (improved Stephenson), but one of the lamps had been unscrewed 
t« light the fuse, and had been screwed on aiterwards. The charge had 
gone off, but did not blow out much stone, so timt it had acted nearly as 
a blown-out shot. For a distance of at least 80 yards back from the 
place where the shot was fired, the sides of the props and timber exposed 
to the force of the blast were found covered with charred coal dust to a 
depth varying fi-om one-eighth to one-qnarter of an inch. After lighting 
np the fuse, the men had retu^d to the first bord on the out-bye aide, 
when their lamps were afterwards found perfect. After the explosion the 
men had endeavoured to make their way out, as one of them was found 
40 yards, and the other HO yards away, both having been suffocated by 
the after-damp, one of them being only very slightly burned. No gas had 
been found either before or after the esplosion in the district, at any rate 
not in sufficient quantity to show upon the lamp, and no indication of a 
sudden blower of gas could be found. 

It appears from the paper under discussion that coal dust will 
explode under another condition, namely, when it falls in bulk and 
coraes in contact either with a flaming fire or the hot flame of a gas jet, 
as mentioned in Appendices 4 and 5. In trying some experiments 
which confirm this, he found that it is not absolutely necessary that 
the fire upon wliich it falls should be flaming, for if fine, dry coal dust 
in hulk be allowed to fall from a height on to a bright oike fire, a 
considerable explosion will take place. He would be glad if the authors 
of the paper could say whether they have tried any experiments to 
show what temperature is necessary to cause an explosion of coal 
dust, as it appears to be an important point in the inquiry. Is it 
not probable that, in coal dnst explosions, tlie heat from the initial 
explosion causes the coal dnst to evolve gas, which, being ignited, aug- 
ments the explosion, and that without this initial heat to evolve the gas 
no explosion from coal dust can arise ? 

In conclusion, Mr, Logan stated that explosions were frequently known 
to take place when coke-ovens were re-charged from the top, shortly 
afler having been drawn, with coal that had been finely pulverised by a 
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Carr'fl disintegrator, cBpcdally when the Brat tub emptied is more thun 
UBnally fine, or, as it is called by the men, duflty or sooty. The flame 
from these explosions is sometimes projected as far as six feet outside 
the oven. 

Mr. Robert Stevensok said, he was sorry he had not brought with 
him any ver}- definite information, a& he had not intcndti! to take any part 
in the dieciission, but having mentioned the matter to the Secretary, that 
gentleman had re^iuested him to state a few of the factfi which be had met 
with in mining in North Staffordshire. The coals there are impregiiatwl 
with hydro-carbon gas to a great extent. "When the mine was dry, the 
ventilation good, and no gaa present, when the miners were at work. 
sniBcient dust was prodnced to show a cap on the flame in the safety- 
himps, which cap was not produced after the men had ceased working for 
an hour or bo and the dust had settled down or had passed away with the 
current of air; and as the ventilation and all the other circumstancea 
connected with the place were in the same condition both when the men 
were working and when they had ceased, the inference was that it was the 
dust raised by their work and not gas that had produced the cap. He, 
himself, had often seen under similar circiunstances a cap an inch in 
height over the flame in a Daij-lamp, aot^impanied by brilliant scintillar- 
tions, which he considered plainly showed that the dust was explosive; 
indeed, they had had several exiilosions which could not be ascribed to 
anything except this coal dust. He considered the subject itself was one 
of very great importance, and had been very ably treated by the authors 
of the paper they were discussing, and he would be verj' glad if the 
Institute would carry these experiments still fbrthcr, and find out some 
method of preventing the explosions which occur from coal dust. He 
thought, also, that it was quite reasonable to suppose that coal dost was 
explosive, for the molecules of coal floating in the air might be compared 
to little balloons charged with gas which only required heat to de^'e]op, 
and which, when mixed with air in suitable pr^'iiortions, were sure under 
certain conditions to explode; and, in firing shots in some of their seams, 
they had to use many precautions or they would have very many sncb 
explosions. For instance, the fireman, before he firee the shot, is directed 
to moisten the atmosphere within twenty yards of where tlie sliot is to 
be fired; no shot was allowed to be tamped with ooal dust; and the 
powder used was selected with special care, for they foimd that there were 
certain kinds of powder which were more likely to fiaine or cause a 
blown-out shot than others, and, from experience, they pruferml cubical 
powder or solid cartridges whicli did not flame to the same extent u 
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common powder, Irreapective of this, the proportions of the couBtitnentB 
of the powder formed an important conBi deration, because, nnlesB the 
powder contained within itecif the necesaory elements to produce perfect 
combustion before coming to the atjiiosphere, flame was sure to be the 
result : for, if carlwnic oiide was the result of the explosion, it would 
absorb oxygen when it came into the atmosphere and cause flame bctbre 
it entered into the more stable state of carbonic acid gas. 

Mr. Newall said, he saw that Professor Marreco in hie paper had 
referred to eiplosiona in flour mills in America. In the October number 
of the American journal of " Science and Art " there was a paper which 
contains a short description of several explosions there. It was exceed- 
ingly interesting, and bore very strongly upon the subject of tlie explosion 
of small particles of carbonaceous matter. 

The following is a copy of the paper referred to : — 

Abt. XXXIV. — On thk Kxplobiok of the Flovkihg Hills at MmirUFOua, 
HiKXMOM, Hat 2, 1B7S, amd thb Cicsbh or tbk sami!.— Br S. P. Prcjcbam. 

As I was gitting iit the tea-tabte on the eveninfr of Ma; 2, I woe atwtled bv » iioim 
that sounded a« if BomethiDg aa liearj m a btrrel CFf ticmr h»d been tipped nver ou the 
floor above. A few leconds later the iionnd h-m repeated, and we nil ran to the door, 
which commanded a full view of the foUi and mannfactnring [mrtioii of the city. An 
famnenae volnme of black amnko enveloped the spat where the Wuhbnm A Mill hud 
•tood, and a perpotidicuUr coliiinn uf amoke wa« projected into the air, above tlie 
•levator, at least four hundred feet. Tlic Humboldt and Diamond Milla were directJj 
behind the elevator from the place where I atood. A heavy wind was blowing from a 
point a little to the east of north, a direction from the Waabburu A Mill toward the 
elevator and the other two mills. In leag thaa two minutes from the time of the Brat 
oiploaion, the elevator, which was 108 feet high, wb« wrapped in llameii from top to 
bottom. If tlie structure hod been aturat«d in oil the llames could not have spread much 
more rapidlj. In five minutes Bame and auioke were pouring from every niiidow In the 
Day and Rollins, Zenith and Qahuiy Mills, which were hotwean tlic Washburn A Mill 
and the river, producing a conilain^tion which, from ordinary oaiwes, would not have 
guned HUch headway in two hour«. 8ix flourJTig milla, the elevator, a machine ^faop, 
blackamiths' shop, and planing mill, with a aumher of empty and loaded cars, were iu 
flames iu five minute* from the time fire was first observed by any one who survived 
the disaster. 

From my owii point of observation, which was about a mile distant, bat two dia- 
tinot explosions were heard ; others nearer heard three, the first not as violent as the 
other two ; while those nearer still heard, in addition, a aouiul which they descrlhod as 
a BUecesaion of sharp biases, resembling the souud of burning gunpowder. Those 
observers to the windward, whose attuntiou was arrested by the light produced, beyond 
the distance of half-a-mitu, heard only one or two reports, or failed to hesr any report 
ftt »1L From all the testimony in reference to sound it appears that the blow upon the 
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air wiu not iiifRi^ipiitly nuildoii to pmdgcc a iwuetrating Bound, but rather s dnll, tmry 
blow, which wu nut coinrannicated Utentl^r to anj groat d]at«ac«. 

Burning whait or Itonr ww micUod for seven! uiiuatea bufuni the cipiouoii, t^ 
penona in such ■ position tlist the wind would curr^ the odour to them, Smnke wu 
■1*0 teen iuuiug from what wu known u the cibau«t flonr-duit «pnnC of the Wwh- 
bum A Mill for severBl miuutcn preceding the explosion. 

At the iimlant the cxploaiou occurred, all obiierven agreed that the Washburn A 
Uill wu brilUantly illumitlated from baaemeut to attic. The illuminBtion waa reflected 
from the water at and around tUe falls in fach a manner u to remind one observer (rf 
the effect of a brilliaut innsct. AnoUior compared it to tlio reflection of eaiilight froio 
window) when the *aii is near the horiion. Still another, who waa croanug the lower 
bridge, had hi* attention called to what ajipmred to be a itreain of fire, wliich, aj he 
described it. tutavd from » hucToent window aud went back again. Immediatelj there- 
after each floor above the baiemeut b(<cama briUiantlj iUoniinated, the light appearing 
^mnltaneoosly at all the wiudow*. only an apprrciable interval of time intervening aa 
the itoriea ignited one after the other. Then the windows burst out, the walls cnKked 
between the windtiwt and fell, and the roof wu iircijectcd into the air, followed bjr an 
immenae volume of smoke and flame, which aicended to an eitimated b^ht of from 
■ix Is eight handred feet. A> the colnmn of smoke wu eipaiided and borne off npoii 
the wind, brilliant fluhv* rnombling lightning passed to and fro. 

Two men, » near the Humboldt Uill that they were nearly Iniripd bj the falling 
nibtnah, and on the nppoeite aide from the Wuhburn A Mill, heard a lend report dia- 
tinctlj' while the walls nf the Humboldt Mill were still standing, and at the same time 
were knocked down. Immediately after thivy saw flames Issnirig from the basement 
windows of the Humboldt Mill, and, at tnc name instunt, before they eould regain tlieir 
feet, they ei)<erianc«l a second shock and miraculously escaped being buried beneath 
the falling walls. 

The cnormoQ* and iniden displacement of air which followed the etplmion, and 
the trcmendoits force nhieh wu oonsequcntly exerted Uterally, wu shown in the con- 
dition of tlie round-house of the Chicago, Milwaukee, and St. Paul lUilrood, and the 
broken windows in all directions. The ronnd-honse wu a wooden structore about forty 
or fifty feet from the Diamond Mill. The sill* were drawn ont t«wanl that mill until 
the building hurst, letting a part of the imf fall in and leaving the side* standing at 
a ahAr)! angle, Ordinary windows, and those of atmng plate-glass on Wubiugton 
Avonue, one-fourth of a mile distant, werv |imjected intii tlie street. Hot only the 
gtaM hut the suh went out bodily, particularly In the lower atorie* of the bnildingc. 
Persims on the river at the water's cdgo noticed a ditpluccment of the walpr, prodnctng 
a wave, estimated Co be eighteen inches high, before they heard the report of tha 
uplouou. 

Whole sheets of the rorrugst«d iron with which the elevator wu oovvreit inf aiiriiig 
dght by two feet, hut 'luite thin, were inched np on llie east aide of the rirar moiv 
than two miles distant, and piece* of ^-inch flooring from two to ton feet long ware 
oartied to intermediate point'. 

An examination of tlie ruin* of the several buildings sliowcd that the walls of Ih* 
HuraUMt HIU lay upon tluise of the Diamond Mill, and thuseof die Diamond Hill 
upon thoac at tlie weft end of the Washburn A Mill, duiwing tliat the building* did 
not viplode siuiQltaoenusly hut sncoosiiely. Tlie Wuhbnru A Mill evidonUy oiplodad 
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flnt from Bre origlaatiDg within it, and the bigh wind prevailing at the time carried 
the flame into the adjoining millB to the south, and awa; from the mille next the river. 
There waa enough burning middllngx itiid ftour thrown through the brokeu nindowg of 
the Utter milli Ut wt them on Are, but they did not enplode. Some Bigiiiflcance amy 
attaoli to the fact that the three milb that exploded were all running with more or leu 
open French middlings pnritieni, white the tikree tliat did not eiplode had been shut 
down for BOrenil dajn. There is no iineatioii bat tluit the French piirilierB project n 
gT«at deal inure dmt into the atinoipherc of the niilU than thoio that are encluKd, bat 
I have no doubt that in an; (touring mill sufficient dust accurauktiv upon beams and 
machiiicrj to produce an exploiivc atmosphere, if from anj cause this dust is scattered 
into the air and Hame is communicated U> the mixture while the dost ia gniqiended. 

There wa4 lets tluin a barrel each of lard oil, lubricating oil, and high-teat kern- 
■ene in the Washburn A Mill at the time of the explouon. 

There is ahsoluttily nn proof that an; explosive material other than is produced in 
the mBDiifacture of flour from wheat was iu any one of the buildings destroyed, La the 
cars around them, or in the neighbourhood. The tostimou; ef millwrightu coneluaively 
showed that fire produced by heated bearings is of sueh extremely rare occnrrence in 
flouring mills as to practically exclude such a cause.* No suspicion of inoendiarisni 
has ever been expressed. 

A slight Bra, the effects of which were in nowiae serious, occurred in the Washburn 
A Mill about three months before the explosion. It was discovered from the outside of 
the mill that smoke was issuing from a spout or coudnctor that disclmrged the air that 
was drawn through between the stones. The object for which the «r is drawn throng-h 
is U) cool the stones and to carry off the vapour produced from the wheat by the rise of 
temperature due to friction. In this case the effects of fire were traced back from the 
outside of the building to one of the sets of stones on the north side of the mill used 
for grinding middlings. The cffi'cta of Hame, however, did not extend beyond the 
blower which produced the exhaust. This ted to the conclusion that the fire did not 
enter the dust-house, although the smoke must have passed through it. It is supposed 
that the fire was caused by friction between the stones, they hating rnu dry from one 
ef the causes that may produce dry stonos. 

In answer to enquiries made of several millers in the Hinneapolis Mills, I found 
them uniformly of the opinion that the meal or flonr as it left the stones had a ti'm- 
peraturc of about 100 degrees Fahrenheit, or le«a. A number of careful experiments, 
mode with an ordinary chemical thermometer, showed that the wheat enters the stones 
from the drjura at a temperature of fnll; 100 degrees Fahrenheit, and that it leaves 
the stones at 120 to 130 degrties Fahrenheit; the temperature of the ground middlings 
ai it left the stonoa averaged about 10 degrees higher. 

It was also the concurrent testimony of millers and mill-oivnors that dry stones are 
of comparatively frequent occarrence, and that they are practically unavoidable. I am 
convinced that in the Waahbuni A Mill the frequency of danger from dry stone* waa 
coonderably increased in consequence of the large number of stones in the mill, and 
espedallr from the fact that so few men were empbyed having the immediateovenight 

* These gentlemen ooncurred iu the statement that the spindle which carries the 
stone hod been known to become weldiil into the socket in which it tevolvfd, slopping 
the stone. When asked if the friction produced a welding heat, one replied, "No, 
nowhere near it." It must be an example of perfect contact, produdng cohesion. 
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of the itonea. Only two men wore cmplojed at the mme timeforthe fort^-two ran of 
none, a number inadequate for that luperviiion n-hich ao important a matter demand*, 
ai it ia impmirible, from the Lirge «psce occnpinl by lo many Rtonea and the OMte 
incident to their action, that even with the uaiial nignalj emplojcd, dry atonei should 
be detected a* *oon a» they becmne a annrce of danger. 

Obitmction of the feed from any one of a nnmber of accidental eaoaci will produce 
dry «tune<. Th« danjrer arisen from the friction of tlic stones heating tlie last portion 
of the grill that remains between the stones to a temperature sniflcient to char it, or 
eoUTerl it into ■ substance resembling tinder, which would readily ignite from a spark 
produced by the stooe* BtriUng- together. Another sonrce of danger arises from oaili 
or gravel |wi*ing between the stones with the grist, and increasing the friction, producing 
either a rise of temperature or a train of sparks; perhaps batli. 

I am aware that numorDns instances of dry stones can be cited that have proved 
perfectly barmlcu. An instance is on record in which a mn of stone ground each other 
all night with no other result than the complete removal of the groores which gave 
the stones a cutting face On the otlier hand, casea Lave occurred in which the grooves 
beeanie filled with charred whnt of a dork brown colour, packed into theia so solidly as 
to require a mill-pick for ila removal. It rei|uire« no argument to show tlwt this tind«r, 
thtu formed, woubl become ignited from a train of sparks that would inevitably foUow 
contact of the stones ai the grist became compacted or completely removed fram 
between them. It was found by ciperiment* Uiat masses of flour that liad become 
heated and charred, ignited readilj- and smouldered, bnt were inHamed with considerable 
difficulty ; bnt it should be bonie in mind tliat a nnmber of scti of stone* are conmcUd 
with a common spont or conductor, throngh which a strong current of air is being eon- 
tinnally drawn, and uhich is filled with a dense clood of very Hue particlM of starch 
(chiefly), heated to a maiimum temperature of 110 degrees Pahrelibnt Experiment 
also proved that the proper miiture of Aour-dnst and air wnnld not bam eiploslrelj, 
except when brought in contact with flame. White.bot wires and glowing charoaal 
only burned the particles in contact with them : but it was found that bnming peUeta 
of charred wheat aud flour would ignite wood, which a strong draught of ^r readily 
fanned Into a blaie. Under tlie couditioni previously stated, with a draught of air 
passing through the dry stones strong enough to convey the pellet* of smouldering 
tinder into the common wooden conductor, an eaplnnon becomes pomible. 

It is urged that thcae conductors are damp from condensed mmstnrc. and also (hat 
a Urge amount of mnlstnre escape* from the wheat and is conveyed away by tlie currant 
of ur. This loss is no donbt correctly estimated at from five to sii per cent. It l^ 
however, chiefly daring the first grinding of the raw wheat that this loss is experlencad. 
The middlingsisdryer. is ground at a higher temperature and ii ground finer, producing 
more dust. T)ie higher temperature renders the material more inflammable, and at the 
same time ensures a more complete solution of the vaponr in tlie current of ur. Mor*- 
over, the first Bre in the Washburn A Hill was traced Erectly to a set of stone* which 
ground uothiug but middling*, and all that Is known conceniing the origin of tba Ara 
lint produced the explosion confirms tlic suppiaition that tliat fire originated in a M 
of stones on the oppoMts nde of the mill, which was one of six set*, all of which war* 
used aiclimirely for grinding middting*. discharging into a conimno spiiut nr eundnrlor, 
which communicaled lUrectly with the dBst-honie. in which the dust irttlsd to lb* 

■ Experiments made by Profeasnr L. W. Pvek before the coroner's jury. 
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Kmonnt of aeveral liundred pound* * d*;. An eiploiion in thia coniluctor, communi- 
cating flame to tlie duat-Uonw, would scircclj fiul to canso tho aaccMsivc eiplosions of 
the duit-house and tlic different storejB of the mill, the ihock of the first explosion 
being sufficient to throw the dual of the mill into the air. 

The opinion eijiressed by one of tlie witnesws at the inqneat, "that stones Kre 
liable to ntn dry at anj time by oceident." and that "dr; st-mea can hardly be avoided 
by any amount of foroaigbt," appears to be generally entertained by millwrighta, 
millent, and mill ownera. Let it be granted that all experience ahows tlukt 99 per cent. 
of dry »loiii» in]'uroa nothing: but the stojiiia themaolvea, the one per Cent, of reiidUB it 
burthenod with fe&rful poasibiliUea. If dry atoiiea cannot be prevented in amall miUi 
where one miller haa cliarge of perliapa lii run of stone, the danger ia more tlian 
{iropurtiunally i[icr«ued in a mill where one man baa chat^ of twenty run, both with 
reference tu prevention and detection. The problem, therefore, for the consideration 
of partiuo immediately interested ia, how to prevent or detect dry stonea, particularly 
those used fur grindiug middliugs. Thi« practical problem appeara tu be fundameutal, 
and one compared with which all others are without much importance. It ia true that 
hut few millers are without their experionee of tniuor eiplosiona, or flashes reaulting 
from careless u«e of lanterns or open light*. Indeed, I have been profoandly impressed 
with the generally iunoceut repnlation of flouring milla when considered in the light 
of the immense number of accident welt-known to millers and insurance companies; 
a number sDrpriBingly large if conflned to those occurring in the States of Minnesota 
and Wisconsin within a few years post. The remedy in aucli cases is so obvious that 
the mott ordinary care and iDteUigcnce is sulGcient. 



Mr. New ALL remarked, that the explosion appeared to have been a very 
serioua one, and the deBcription showud how complete was the deatraction, 
as Bome parts of the mill were carried aivay a distance of two miles. 

The Chairman said, that the subject was one of tho most vital im- 
portance, and he hoped that it would be brought before the Royal 
Commission that had been appointed to examine into all inattera affecting 
the safety of mines, but whether it would be adi-isable for the Institute to 
introduce the subject to their notice or not, would be a subject for dis- 
cnssion at the next meeting of the Council. The real and practical 
question, as was said by the author of the paper, appeared to be, wiU the 
heat evolved in the consumption of the gases from coal dust be sufficient 
to cany on the explosion, to keep the fire burning in fact, and spread 
it through a length of district in which the coal dust and air are 
present? This seemed to be an important element in the question, because 
upon it depended whether the explosion would be a local one or whether 
it would spread through the pits, which would, of course, be very much 
more serious. But no doubt the experience which would be afforded by 
continued experiments would show how far the first explosion was able to 
carry itself on, and so extend through more remote distances. 

VOL. Bcnn.— isjs, ^ 
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Mr. D. P. MoBisoN said, they certainly fonnd in their experiments that 
the heat evolved by a large charge of powder carried the explosion very 
much further. 

Tlic Chaibvan §aid, that in all other respects he thought the paper 
BO full timt there was little left to discusa or question, and that they ought 
to pass a vote of thanks to the authors, 

Mr. MoRisoN aaid, lie thought that Mr. Logan would find that Pro- 
fessor Marreco, in his remarks upon the subject, most distinctly stated that 
the heat evolved by the combimtion of the first particles of the dual ignitcft 
those succeeding, and that it was gradually carried onwards in that way, 
one set of particles passing it onward to another, and it seemed to be 
entirely a question of degree of initial heat as to how far that might be 
propagated. 

The Chairman — Ycb, that seems to be the question. 

Mr, BuNNiKo said, he did not know whether, in the course of these 
experiments, they had by any means found out whether fine coal dust was 
likely to pervade the whole of the workings of a pit in the same way that 
gas would do, or whether it would not be moat likely confined to com- 
paratively small districts, 

Mr. 0. Bailes said, that there was no donbt that coal dust set in motioa 
in the inclines and elsewhere, would be carried onward by the ventilating 
current, and would enter into the whole atmosphere of the pit. In tliat 
state they found it did not explode or they would have explosions almost 
every day. It seemed that the conditions for dust to explode wore, that 
the dust should be suddenly propelled by a current upon a fiame, so that 
it could be ignited, and that the heat should be instantaneously trans- 
mitted from particle to particle so as to make it a continuous flame j 
otherwise that a flame should, with very great force, be projected tiroug^ 
au atmosphere oontalning dust. He thought these two conditions essential 
to transmit heat to the particles, so as to develop the gases. For instance, 
a quantity of dust was continually passing from the screens at bank, and 
(iu the case where these screens are used for the coals from the Hntton 
seam, which were very dry and which were very rich in gas) coming 
in (Xmtoct with the gas burners without producing any explouon. But 
if this same dust were precipitated from a height upon a fiery lamp with 
a good deal of flame, then the coal dnst might be expected to bliu« up 
and communicate the flame to the dost above. He thon^t these were 
the only conditions under which dnst could be said to be ignited and, in a 
measure, to explode. He helieved that dust itself would not i'Xpl<xlo nnlns 
acted upon by heat set rapidly in motion. 
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Mr. BuNJjreo aaked, if there must not also be u certain proportion of 
duet with the air to reader it exploBJvG ? because, in the ease of fire-damp, 
if there was an excess of gas an esploeive mixture was not made. It 
might possibly be the same with coal dost, and that this exccBS of dust 
prevented an explosion occurring in the hopper spoken of by Mr. Logan. 

Mr. Robert 8tbtes.son said, his opinion about explosion from dust 
was, that when the shot was blown out, the force of the shot drives these 
particles BO closely together that when they do kindle they explode. He 
did not himself think they would explode nnless there was some force of 
that kind to commence with. 

Mr. BuNNiNG asked Mr. Stevenson whether, in the course of his 
experience, he could recollect that an explosion had ever taken place 
from coal dust ignited by a safety-lamp? 

Mr. RoBEHT Stevesmox said, he bad never in his experience been able 
to trace any explosion to coal dust ignited by a lamp ; but there had been 
explosions which they could not trace to any other cause than coal dust. 

Mr. Baii.ls said, he had often observed that in a mine where dust 
accumulates it hangs about the lamp, and that if the lamp were 
shaken it fell through tiie gnuze and filled the lamp with flame. That 
showed that the heat in the lamp, or at least the heat generated bj the 
dust coming in contact with the flame, is snddenly prolonged in the 
gauze, and that all the dust gets into a state of ignition. This he 
had repeatedly observed in some scams, and he should think that it 
was a matter which could become very dangerous in connection with the 
use of the safety-lamp in the presence of gas. He knew that in the old 
time it used to be a matter of very scrions consideration to him to 
know what might happen in case any of the workmen might shake the 
dust GO as to fill the lamp with flame when it indicated the presence of 
fire-damp. 

The Chairman said, he supposed that the cap which Mr. Stevenson 
spoke of would not be the usual blue cap, it would be more ot a brownish 
colour. 

Mr. RoBEKT Stevenbon — No ; it was the usual colour, and scintillated, 
whilst small explosions were taking place iuEide the lamp at the same time. 

Mr. W, J. Bird stated, that some time ago, when watching the action 
of Rigg and Meiklejon's coal-cutting machine in the main coal seam at 
Elemore ColUery, he observed that there was a great quantity of fine coal 
dust going through the workings, which, when passing by the safety- 
lamps, caused the flame therein to scintillate considerably, but he did not 
obser^'e that it produced any cap in the flame. 
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Mr. D. P. MoHiftON thought that it would be ob well if menibere would 
kindij commnnicate the results of any experience they had had on this 
subject, cither to the Secretary or to the authors of the paper, and that 
such commuDicatiouH should be embodied in the Transactions. 

The Chairmas said, that he thought Mr. Morison's snggcstion a very 
valuable one, and that another paper on the subject, containing the varied 
experience of the different meniberB, would prove a usefni addition to 
their Transactions. They would miw adjourn the discussion, and pcrhapa 
Professor Slarreco and Mr. Morison wonld let them have, on another 
occasion, the resnlts of some further experiments. 



The following " Further Reninrks on the Detection and Mpasnre- 
ment of Small Quantities of Inflammable Qaa," by Mr. E. H. Ln-BINO, 
A.R.8.M-, were then read : — 
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FURTHER REMARKS ON THE DETECTION AND MEASURE- 
MENT OF SMALL QUANTITIES OF INFLAMMABLE GAS. 



. LIVEING, A.B.8.M. 



Since describing in August last a new method of detecting verj Bmall 
qnantities uf inflammable gus and uf estimating the proportion present, 
the writer has considerably modified the arrangement of the instrument 
then described, having found that tar better results are obtained by the 
use of a different form of photometer. 

The instrumeot is now in a much more practical form, and is capable 
of detecting and measiu'ing gas without difficulty even when only one- 
fourth of a per cent, is present. It is rcpi-eaented in section in Plate 
XXXIV., and consists of a brass tube about eight inches long by one- 
and-three-fourth inches diameter, closed at the ends by discs of hard wood- 
Through these pass the insulated connection wires can-ymg the fine 
platinum spirals A and B, supported in the manner shown at II. The 
one (A) covered with a glass tube, the other exposed to the air within 
the instrumeDt as before described. Between these spirals is supported 
a small wedge-shape screen by means of an arm E. The two surfaoea 
of this screen are covered with white paper, and are viewed through the 
small glass disc in the side tube F, tu which the arm and screen are 
attached. 

One lace of this little screen is illuminated by the covered wire A, the 
other by the working wire B ; the wii'es themselves never being seen 
whilst the instrument is in use. 

On tiiming the magneto-electrical machine tbe two surfaces of this 
screen appear equally illuminated; but if gas is present, that surface of 
the screen which is opposed to tbe working wire B appears brighter thaa 
the other. 

TboB a particular pair of platinmn spirals which were ecjoal in illu- 
minating power when no gas was present, when the instrument was 
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filled with air cuntaining ^ per oont. of gas, had a relutive illiuninating 

power of 1 to 124. 

With i per cent 1 to 1-65. 



do. 
do. 



1 to 2-78. 



1 toS'l. 

3 do 1 to 22. 

4 do 1 to 64. 

In order to measure this inequality of brightnesa it is neo 
slide the sireen towards the covered wire until the two surfaces Bgun 1 
appear equally illuminated, and the amount of this movement becomes a 
means of meofiuriug the quantity present, an empyrical scale of percentages 
being graduated on the body of the instrument at M, and read by means 
of a small index attached to the outer tnbe K. Int« this tube is screwed the 
side tube F, t<igether with the arm and screen, a slot in the body of the in- 
strument admitting of their travelling towards the covered wire, the slot 
itself being covered in all positions by the outer tube K. 

Two Hemminga' jets (P P) adroit of the air being drawn into the 
instrument for examination in the manner formerly described. 

Wlien moderately large quantitiea of gas, such as 2 or 3 per cent., are 
present, the different* in eolour of the light emitted by the two wires 
becomes au striking as to muse some diiticulty in judging of the exact 
position of espial illumination of the screen, when measuring the quantity 
of gae present, a difBculty of course felt more or less with all photometers 
in examining lights of different tint. This difficulty is avoided in tlie 
following manner:— One-half, Y, Fig. 4, (which shows an enlarged view of 
the screen C) of that aide of the screen which is exposed to the workinf; 
wire B is covered with yellowish red paper, the other half, X, being left 
white. For quantities up to 1 per cent, the white surface X is compared 
with the white surface Z opposite the covered wire A, and in quantities 
greater tlian one per u:iit., the yellow surface Y is employed, as its tint, 
neutralises the very white hght emitted by the working wire, and rendera 
the comparison easy. 

The instniment is so constructed that the platinum wires can easily 
be replaced in case of accidental melting or other damage, by having 
duplicate wooden plugs L with the standard wiieB ready attaelKsi and tested 
by the instrument maker, and alt that is required is to unscrew the plata 
M and remove the old ping and replace it by a new one; then after 
making the proper connections with the conducting wired, and replacing 
the plate M, the instriunent is again ready fur use. Not that there is 
any excuse for melting the wiree, as witli ordinary care there is not tho 
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Bouklleat danger; the writer has a pair which have been in i 
months, during which time they were subjected to a great number of 
experimeTits, and are still quite uninjured. 

The writer would auggeat that the inatrutuent ia more especially 
adapted for the examination of the various returns from the districts of a 
colliery, for it will ahow whether the total amount of air allowed to any 
particular part of a mine is ample for the gas there evolved, and enable 
the air to be regulated in the various aplitstn the most economical manner. 
Again, if a regular account of the percentages found in the various re- 
tnms be kept, together with the quantities of air passing, bai'ometric 
presBure, &c., it will soon become evident within what limits the propor- 
tion of gas usually varies; and if subsequently at any time a sudden 
abnormal inereasc in any particular district were to occur, even though 
still far below the explosive pfjint, it would be desirable to follow the return 
np nntii the source waa ascertained, and then, if necessary, take suitable 
precautions. 

It has appeared to the writer undesirable to lengthen these brief 
remarks by entering into a i\ill account of a loug aeries of experiments 
made to determine the moat favourable arrangement uf the platinum 
wires, as to their size anil the proportion of tlie spiral in which thoy 
ahould be fonned to give the maximum effect, or of those again which 
have been made on many hundreds of mixtures of pit gas, piu'e CH„ 
hydrogen, and coal gas with air, to ascertain the difference of brilliancy 
observable with the selected arrangement of wires when exposed to air 
containing various proportions of the above gases ; sutlice it to say that 
the success of the instrument to a great extent depends on the proper 
arrangement and careful adjustment of the platinum spirals, and that 
the scale obtained with various samples of pit gae (collected over water 
from blowers) cloaely reaembles that obtained ivith pure CH„ the pit gas 
having as a rule a slightly feebler action, probably from dilution with a 
small proportion of nitrogen or carbonic acid. 

Carbonic acid appears to have no action on the instrument except to 
the extent to which it diminiahes the heating power or combustibility of 
the gaseous mixture. Thus a mixture of 2 per cent. CHj and 2 per cent. 
CO, in air when examined in the instrument gave very nearly the same 
position on the scale as 3 per cent, of CH, alone. 

In thia respect, therefore, as well as in its extreme sensitiveness, this 
instrument possesses great advantages over any of a portable kind 
hitherto contrived ; for, on examining the above mixture with Mr. Anscll'a 
aneroid indicator (Vol. XV., page 165) it would have been recorded aa 
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abuut 1 per cent, of COg, that gas more than counteracting the action of 
the CE, in the mixture. On the other hand, with hie halloiin instrament 
the misture would have had a similar effect to about 4 per cent, of CH„ 
nnce both gases acted in the same manner npon it. So also v,ith 
ProfeBBor Forbes' iiiBtrument (described in a pajier before the meeting of 
the British Association at Dublin, 1878); it would have been recorded as 
free from gas, since COg almost exactly neutralises the effect of CM, on that 
instniment. 

The instrnment now described gives at once the heating power or 
approach to combustibility of the gaseons mixture examined, showing to 
what extent the percentage of CH, present must rise before tbe mixture 
will become capable of supporting or continuing its own combustion ; in 
other words, will Itecorae esplosive. 



iltr&ia-raTiafhean ihetfdemon 
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PROCEEDINGS. 



GENERAL MEETING, SATURDAY, MARCH l8T, 1879, IN THE WOOD 
MBMORUL HALL, NEWCASTLE- QPON-TYNE. 



WILLIAM COCHRANE, Esq., in thb Chaib. 



The Secretary read the minutes of the last general meeting, and 
reported the proceedings of the Council. 

The following gentlemen were then elected : — 

ASSOCIATBS — 

Mr. John Elyott Doylb, B.A., Lecfcurer in Natural Science, St. Peter's 

Terrace, Birmingham. 
Mr. Patbice Doylb, C.E., F.G.S., Saperintendent of Public Works, 

Surveys, and Mines, Perak, via Penang, Straits Settlements. 

Studbkt — 
Mr. Jambs Kbnnbth Gttthbib, Ryton-on-Tyne. 

The following was nominated for election at the next meeting : — 

Stxtdbnt — 

Mr. Kbknbth Mackab Dayis, Towneley and Stella Collieries, Ryton- 
on-Tyne. 

The following papers were then read : — 

''On the Supply of Pure Water and Motive Power to Centres of 
Population," by Mr. David Burns. 

" On Schmitt's Revolving Spiral Screen," by Mr. D. P. Morison. 

VOL. xzyni.-i879. W 



fPOBKWSf^. 



ON THE SUPPLY OF PURE WATER AND MOTIVE POWER 
TO CENTRES OF POPULATION. 



By DAVID BURNS. 



This is & aubject which commaiidB the attention and affects the intereatH 
of all clfiBses; and it is the purpose of the writer iu the present paper to 
bring before the Institute, in outline, a scheme whereby the supply of 
wat«r could be greatly improved, and the conaumption of coal, with its 
concomitant evils, ae smoke, explosions, and firea, be considerably leaaened 
in many large towns. 

For instance, there issues, near the crest of Cross Fell, a spring called 
the Gentleman's Well, which yields on an average all the year round ovta: 
50 gallonB a minute of the most excellent water. It issues at an elevation 
of about 2,750 feut above the sea level ; and if its water vua conducted 
into a pipe so large as to lose no perceptible head from fluid friction, and 
carried down to Newcastle, it would supply 2,400 people with 30 gallons 
a day each, and give out a motive power of 39'4 horses at an elevation 
of 150 feet above the level of the aia. 

It wiU be seen from this simple illustration what an immense store of 
motive power is allowed to run waate, and it requires no argument to 
show that to lead the Gentleman's Well down to Newcastle in a pipe, and 
80 supply it in its original purity, is more phfloaophical than to allow it to 
spend its energy running down the valley of the Tyne, picking op sewage 
here and dilute manure there, and then to pump it up at great expense to 
supply the inhabitanta of Newcastle with bnt indifferent drinking water. 

Tbe evil of taking water from rivers for household purposes is not 
likely to deca-ease in the fiiture, whatever legislation may do to prevent 
their pollution : for the increase of population, and the greater intensity 
to which high farming will be carried on the low lands, and the greater 
height to which it will be pushed on the moorlands, will send an ever- 
increasing supply of soluble nitrogenous matter into them which it will 
be extremely difficult, if not kuposaible, to arrest. 
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The scheme the writer BubmitB is, to collect nil the available iprings 
within the watershed imdcr consideration at their outflow, so as to keep 
them pure and to make available the potential energy of their waters due 
to their respective heights, which energy might easily be BUpplcment«d 
by nsing windmills at convenient points and water wheels on the varions 
streams. 

Take a drainage area or valley with a river running down it, snndry 
tribntaries mnningdownon the right and left into the river, and springsof 
good water coming out at various elevations on the hill aides, with a town 
low down in the valley requiring pure water and power to drive its 
varied machinery, as a description of the locality of many large towns. 
At some convenient place well up the valley, and the higher the bettor, 
the writer would place a reservoir, which, for distinction, may be called 
tha pressure reservoir. This should be connected with the town to be 
Bupphed by a large and strong pipe, which may be called the prcesnre 



At each spring which it had been determined to make aviulable, a 
reservoir should be formed, which may be called a spring reservoir. As 
springs often occur in clusters, one reservoir might serve for sevurnl, but 
each spring should be carefully led into it by means of a closed pipe. 
Each spring reservoir should be connected with the pressure main by 
means of a pressure pipe. In Ihone cases in which the spring reservoir 
was as high as the pressure reservoir, the water would evidently flow from 
it of ita own accord into the pressure main. When, however, the spring 
reservoir was the lower, the water wonM ref|uire to be forced into the 
pressure main. In such cases a force pump should be placed at the most 
convenient point for getting power on the line of the pressure pipe lead- 
ing from the spring reservoir to the pressure main. If near a stream the 
pump might be driven by means of a water wheel or turbine turned by 
the water of the stream- 
In those situations whore water power could not be had, windmilla 
should be erected of sufficient average power to do the work required. 
By such an arrangement any spring in the valley could he made available, 
aod even feeders of vater from the workings of a mine might become a 
Bonrce of water supply. 

By the present system all eources below the level of the bead rceerroir 
are lost. 

On Reaching the town to be supplied, branches from the pressnre main 
conducted through thcac thoroughfares in which are situated 
I requiring mechanical power. At eacli of those works should be a 
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hydraulic engine commnniciiting with the preaenre pipe of the etrcet in 
which it IB situated. The water having passed through the hydraulic 
engine should be made to deliver its water into another Bjatera of pipes, 
namely, the service pipes of the town. ThcBO would ramify as such pipes 
UBOaDy do, and would communicate with a Bervicc reservoir placed in 
Bome convenient position near the town, and at the lowest elevation con- 
sistent with giving n pressure sufficient to make the water circulate in the 
service pipes to the highest part of the town to be supplied. 

PRESSURE RESERVOm. 

The best position for the pressm-e reservoir would depend much on 
circumstances. If the town rcquu^d much motive power and little water 
in comparison, and the hills along the valley admitted of it, it should be 
placed at a considerable elevation. If, however, little power was required 
md much water, the pressure reservoir shoidd be placed lower so as to 
command a greater quantity of water by gravitation. Its size would 
depend on many considerations, but mainly on the relation between the 
supply of spring water and the requirements of the tuwn. If the supply 
of spring water was ample, the reservoir would only require to act as a 
regulator between the supply from the springs and the demand from the 
town ; but when the spring supply was deficient it would require to catch 
and retain sufficient surface water to make good the deficiency. 

The supply from the springs would be capable of regulation to a certain 
eitent, and should be made as far as possible to supply water at the rate 
at which it was consumed in the town. Most of the consmnption would 
take place during the working hours of the day, say from six a.m. to six 
p.m. Those springs above the level of the pressure reservoir could be 
easily turned on by an attendant during those hours, and turned off 
during the night. This arrangement would, however, not admit those 
springs supplied by the agency of natural forces, as wind and water power, 
without great loss. In periods of calm the windmills would be idle, and in 
extremes of drought and frost the water wheels would fall short in their 
duty. At such times the town would have to draw on the pressiu-e reservoir 
and those springB above its level. 

SPRING RESERVOIRS. 

No water can be considered pure which is for any length of time kept 
stagnant in a reservoir and exposed to the impurities of the air, the action 
of the sun, and all other incidental soui'ces of corruption. All the spring 
reservoirs should therefore be covered. This would be most effectually 
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done by driving gallerieR into the hill ss near as posBible on the line of the 
springa ; by this means the spring would debouch into the gallery withont 
the nao of & pipe, and, in most cases, by driving on it for some distance, its 
flow would be much incTL-asod. When the gallery had been driven far 
enongh to give the required capacity, the pressure pipe would be led into 
it, and its mouth built up, leaving a Bmall hole for ventilation near the top. 
Snch a reservoir would keep the water cool and pure, and it would be 
forced into the pressure main withont coming to the day or receiving any 
impurities whatever. It will be noticed that the spring reservoire wonld 
act as valuable auxiliaries to the pressure reservoir, especially those at or 
above its level ; the others would do so in a limited degree, depending fin 
the power which drove the force pumps. 

To carry out this scheme in its entirety, the pressure reservoir should 
be a gallery like the spring reservoirs. Doubtless a gallery could I* driven 
of any capacity, but one to hold water to supply a lai^ town for several 
days would be very expensive. It might be well, therefore, to have a 
galleij of a moderate capacity to cover the ordinary daily fluctuations of 
demand and supply. At a little lower level, and communicating with the 
pressure main by a valve opening inwards, an open reservoir of the required 
dimensions could be formed to supplement the other supplies when 
necessary. By this arrangement the water of the open reservoir would only 
be drawn on at intervals and to a small extent. Thus, by proper engineer- 
ing, water power could be had all the year round, and by placing the 
windmills in exposed situations they would never be long entirely idle. 

It mnst be borne in mind in judging of a scheme like this that the 
storage required would be a mere fraction of that which is indispensable in 
the present system of catching the surface water of a district. At 
present but comparatively few springs can be made available, and a lai^ 
proportion of the water is derived direct from the rainfall. From this 
cause storage has to be provided to meet the demands of the town and 
evaporation throughout several weeks of drought ; but as all springs are 
more or less approximately constant, and many almost perfectly so even in 
prolonged periods of drought, all the storage required by this scheme is 
snch as would meet the variation in the demand caused by any variation 
in pumping power. If these were either both constant or both varied alike 
little storage wonld be required. 



The sixe of each of these pipes would depend on the quantity of wster 
flowing from the spring in question. Their strength above the foroo punqi 
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should be proportional W the depth below the apring reservoir, below the 
pomp it shoald be proportional to the depth below the prcaaure reservoir. 
The line of these pipes need not be direct from the spring to the pressure 
main, but should be mafle to traverse that point where the power necessary 
to pump the water could be most cheoply and effectively obtained. 
POWER. 
The power necessary to drive any particulnr pump would bo ascertained 
by multiplying the difference of elevation of the spring and pressure 
reservoirs by the weight of water yielded by the spring, and then again 
by a co-efficient for frictiuo depending on the rate of flow of water in the 
pipe, its length and section and the number of bends The engine should 
be designed to be self-regnlating as far as possible, and be driven by the 
most constant power available. In many cases it might be moat advan- 
tageous to make the pressure maiu follow approiiraately the course of the 
river, and to drive the pumps by means of its water weired np at intervals. 

PRESSURE MAIN. 

As the loss of head in transmitting water through a pipe varies as the 
square of the velocity, it is evident that to have the pressnre main large 
would be greatly to increase the power to be exerted in the town. The 
particular size selected woald depend on the amount of power required 
and on conaiderationB of first cost. 

AVAILABLE POWER. 

This would be the product of the weight of water flowing through the 
pressure main into the difference of head of the pressure and service 
reservoirs, less a deduction for friction and snch like. 

SERVICE RESERVOIR. 

This need not be large and should be covered iu. Tinder ordinary 
circumstances it need not hold more than a day's supply. It should be 
situated at as low a level as is consistent with a proper circulation through 
the service pipes so as to afford the greatest difference of head possible 
between the pressure and the service reservoirs. 

It is no part of the writer's intention to bring forward a definite scheme 
for any particular district; still a few figures, by way of illustration, may be 
useftil. For instance, if it is required to supply water to a lot^ahty requiring 
7,000,000 gallons a day, a figure mentioned by Mr. Newall, in hia paper 
read before this Institute on .Srd October, 1874,' as the quantity required 
for Newcastle and district. This quantity would be supplied by 162 
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BpringH, yielding on an average 30 gallona a minnte. Now such springs, 
when a wide district is traversed, are not by any meanB rare, and many 
springs yield three and fonr times as much. 

Having selected a suitable position well up on the hills where many 
springs come out, and where there is a good site for the snppieraentary 
open reservoir, let a gallery 8 feet high, 6 feet wide, and 200 iathoma 
long be driven. If thia bo driven along the strike of a water bearing 
stratum, or in the direction of the rise or dip of alternating beds, much 
more water is sure tn be anested than originally appeared in the springs. 
The gallery Just described would have a capacity of 3.59,424 gallons. \i 
40 additional springs can be found at as high an elevation as the pressure 
reservoir, with an averse yield of 30 gallons a minnte, by driving a gallery 
S feet by 4 feet 100 yards on each of them, an additional sUir^e of 
1,797,120 gallons would be obtained, and their yield would probably bo 
doubled, BO that the half of the water required would be obtained and 
storage of 2,156,544 gallons provided independent of pnmping. 

Other springs, equivalent to SO of 30 gallons each, would renudn to be 
pumped. Probably 20 springs could bo got which, if driven on a 
hundred yards, would provide the desired quantity of water : but suppose 
80 galleries have to be driven of like capacity to the others, namely, 100 
yards by 6 feet by 4 feet, this would provide 1,347,840 gidlons more 
storage, or a total of 3,504,384 gallons. This is certainly not great 
storage, but it is equal to fully half-a-day's consumption, and would be 
eqnal to meet the fluctuations in the demand. The deficiencies in the 
pumping, if any, would require to be met by further galleries or by drawing 
on the open reservoir. 

Let the effective head, that is the difference of level of the pressorc and 
service reservoirs, leas the loss of head due to friction and aoch like, be 
500 feet. The energy would lie thus calculated ; — 

7,000,000 X 10 X 500 = 35,000,000,000 foot lbs. 
35.000,000,000 
33,000 X CO X 24 ' 
Take the cQiciency of the engines at '7, and the horse power which 
can be actually applied to useful purposes is 515'5, working day and night, 
and all the year round. 

By going up to .\IsIon Moor or the Allcndales for the prcnuro 
reservoir, there woidd lie no engineering difficulty in getting twice thia 
power from the 7,000,000 gallons of wat<?r a day. Such power could not 
fail to be a great boon to a community, and a Bouroe of considerable revena« 
to a oorporation. 



: 736'5 horse power. 



MOTIYB POWBB TO OEITTBEB OF POFULATIOS, 



179 



^ 



When the foregoing waa put in form eome monOiB since, electricity 
aa a means of transmittiDg force, and as a source of light had not attained 
the prominence it now enjoys. In view of the late achievements of science, 
and of the present demand for a better light, the scheme might be bo far 
modified, and the water be made to drive a aeries of djTiarao-electric 
machines, and the electricity coiild be conducted thi'ongh the town to 
drive sewing machines, lathes, printing presses, and all such light ma- 
chinery. 

If electric lighting should become a permanent institntion amongst as, 
a large proportion of the power might be used to light the principal 
thoroughfares, squares, halls, and workshops of the town. 

Dr. 0. W. Siemens, ia his lecture delivered in the City Hall, Glasgow, 
on 14th March, 1878, States that one of hia dynamo-machines, requiring 
3"3 horse power, will produce a light equivalent to 4,138 candles. The 
light, therefore, which could be realised out of the force just given as 
available would be 640,406 candles. As the power is calculated on the 
nndcrstandiug that the engines work continuoualj day and night, the 
above light could be supplied during the hours it was wanted, and the 
engine power of 515'5 horses would be available for the other purposes 
enumerated during the remainder of the 24 hours. 

In submitting a scheme so radically different from those in use in 
supplying large towns, and which would be undoubtedly expensive, the 
writer woiild submit the following advantages whicli it possesses, and 
which he venture* to assert should not be lightly laid aside, 

1 . — The ground occupied by the present system of large reservoirs 

would be nearly entirely saved. 
2. — ^The expense of making reservoirs and long water races would be 
largely avoided. This saving would go a long way towards 
making the underground reservoirs. 
Si. — The water available would not be left to evaporate in open 

reservoirs. 
4. — The water would not be contaminated with peaty and soluble 
nitrogenous matter, nor exposed to the heat of the sun; indeed, 
pure spring water alone would be supplied to the town, and all 
filtration would be avoided. 
5. — AU pumping by steam would bo avoided, 

C. — By covering the service reservoirs the water might be effectively 
protected from the extremes of temperature. Cool spring 
water might be supplied in summer, and all disappointment and 
hardship avoided in protracted frosts. 
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—A large amount ofpowerconldbeobtainedsnffident Id many cases 
to light the whole town during the boura of darkncBfl, and do 
the work of many siiiall steam engines during working hours. 



The Chairkab, in opening the discuBsion, stated that the paper 
contained matter deserving of much serious consideration, and that it wm 
brought before thera at a very opportune time after the difficalties in 
obtaining water that bod been experienced lately in Newcastle. He 
thought the writer was too sanguine in hia estimate of the amount of 
water to be obtained in the way proposed, and that the water when 
obtained, no matter how pare in its original state, would not be much 
better than that at present supplied to Newcastle after it had passed 
through the machinery he proposed it should drive. He also considered 
the use of wind and water mills objectionable, as steam would be found 
cheaper in the end. 

Mr. J. A. G. Rossstated that he considered the proposition, if not abso- 
lutely impracticable, would be very much more expensive than the direct 
apphcation of steam power. The great drawback in the use of water 
as a motive power was the losa sustained from its inertia ; and as this 
loss was the same at all pressures, it followed that the higher pressure 
used the more economical was the result. The distribution of power by 
means of hydraulic pressure has been succesaful in Htdl, where a pressure 
of from 700 to 1,000 lbs. per inch was available, as well as in moat of 
the docka and railway stations of the conntry ; but even granting the 
utility of employing water pressure of a small head, he thought the mode 
proposed by Mr. Bum wonid be cumbersome and costly, and would neoea- 
sitate a most unwieldy and complicated mass of piping to carry it out. 

Mr. W. H. Hedi.bt remarked that, for the daily consumption indi- 
cated of 7,000,000 gallons, he hod roughly estimated the cost of makJRg 
galleries to provide the amount of storage usually considered necessary 
at £2,000,000. 

Mr. Hbsjiv Lawbbncb thought tliat the expense of storing the water 
in galleries would be tar more expensive than doing so in the ordinary 
reservoirs, even when those i-oecrvoirs were arched in. as at LamU'th and 
at Chelsea. The galleries would soon be ftill of impurities from falls in 
the roof and sides, and would be very difficult to cleanse ; whereas the 
covered reservou^ wen' I'Osj to get at, and the roofs could be kept 
properly white-washed and sweet. He eousidcred the scheme imprac- 
ticable. 
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Mr. Burns considered that to Bome extent the objections to his 
proposal were founded on misapprehension, for it was manifestly nn&dr 
to compare the quantity of storage required by the ordinary plan, where 
the supply was obtained from the sur&oe drainage and had to be sufficient 
to meet long periods of drought, and that required by his plan, where the 
supply was a continuous one. He thought that the galleries where 
insecure could be strengthened by brickwork, so as to prevent any 
inconvenience from falls ; and the intrusion of noxious springs through 
the strata might be prevented by the same means, and he had the 
assurance of gentlemen well qualified to give a practical opinion that 
there would be no contamination of the water caused by passing it 
through properly constructed hydraulic machinery. There might be 
some extra first cost incurred, but this would be amply repaid by economy 
in the subsequent working of the scheme. 

The Chairman then moved a vote of thanks to Mr. Bums, which was 
unanimously carried. 
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RCHMITT'S REVOLVING SPIRAL SCREEN. 



Bv D. v. M0R[80K. 



This Bcreen has been introduced in the coal diatrictB <it' Germany with 
great success. The chief advantatres obtained by its use are: — 

lat. — The coat is smaller than that of ordmary revolvinf( screens, and 
the space occupied in proportion to the work done is vei7 
mach less. 
2nd. — The coal is not broken in the proceas of Bcreening nearly so 
much as in ordinary revolving screens, while the screening into 
the required sizes ia moat efficiently done, 
^ 3rd. — ^The constraction is simple and strong ; all parts readily 
accessible and easily repaired. 
4th. — The power required to drive it is less than with ordinary 
revolving screens, as the material being screened is more 
distributed, and does not all lie at the bottom of the screeii. 
The writer has been indebted to Mr. T. J. Danson fur the following 
information, aa weU as the model and the diagrams illustrating the inven- 
tion. 

The development of the spiral screen shewn in Plates XXXV.,XXXVI., 
and XXXVn. is simply a long strip of plate jxirforaC^d throughout its 
length with holes of different sizes according to the sizes into which the 
coal is required to be separated. This strip would be about 54 feet long 
and 4 feet wide, and being wonnd into a spiral, and the ends closed and 
mounted on a central axle, it forms the spiral screen. 

Plate XXXV. represents a section through the axis of a spiral screen, 
Plate XXXVI. a cross section, and Plate XXXVII, an end elevation. A is 
the axle or shaft on which the screen is mounted, and with which it revolves; 
BB are carriages (in which the bearings of the axle work) carried upon the 
&ames CG at each end; D ia the driving sheave round which a belt passes 
from the engine shaft; Eistheelevator lifting the coals to the inclined spout 
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P, which conveys them into the eeutral portion of the screen 1, which is a 
cone shaped circle, being larger in diameter at its outer end to facilitate 
the delivery of the larger pieces of eoal which ivill not paas through the 
first eeries of holes. The whole of the other coal (puseing through these 
holes) foils into the second division of the screen 2, and by the revohition of 
the screen is separated; the pieces too large to pass tlirough the second «irie« 
of holes being retained u|K}n the plate until that point comes round where a 
channel 2a (Plate XXXVI.) receives them, down which they are disuhai^ed 
out at the side of the screen into depots or hy spouts into wagons. The 
ooala which have passed through the second scries of holes in the division 2 
fall into the third division 8, and as the screen revolves they are further 
separated, the piews which will not pass through the third series of holes 
being retained until the channel 8a comes round, down which they run 
and are discharged by spouts into wagons aa before. The smallest coal 
and "duff" has during this time passed through the holes in division 8, 
and is delivered out of the whole of the bottom portion of the screen into 
a hopper leading by a spout to the wagon. The nnperforatcd or blank 
plates sliewii by the full dark linos are to prevent the coal from being re- 
turned alter passing through tlic holes, as the delivery through the side 
channels Sa and Ha takes place ])artially ut or above the horizontal centre 
line of the screen, and not entirely out of the lowest segment of the circle 
as in ordinary drum screens. 

The perforated plates forming the screen are put on in segments, and, 
when required, can easily be removed or replaced with plates having 
larger or smaller holes by taking out a few bolts. 

A model specially made to represent a screen for screening coal into 
three sizes, and exactly one-fifth of the diameter and length of an actual 
screen capable of separating 400 tons of coal in ten hours was exhibited 
when the pajter was rend. The actual screen would be H feet diameter 
and 4 feet long. In the model, in order, as far as possible, to adhere to the 
relative proportions, the first perforated plate was a coned circle with a 
surface of VS square feet, and holes g inch diameter. The second plate 
was a portion of a spiral nith a surface of 3'6 square feet, and holes nearly 
g inch diameter; and the third plate was a continuation of the spiral with 
a surface of 3 square leet, and holes rather less than ^ inch diameter. 

The extent of surfaces and the sizes of the holes in an actnal ecreen 
will depend upon the natiu>3 and cDm|x«ition of the coal to be screened 
and the sizes into which it is to be separated. 

The coal in the model was introduced into the screen by means of s 
" hopper," with a worm screw or " creeper" working in it, but genenlly 
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and prcforably with a view of nroiding unneceaaary breakage, the coal 
Ib delivered direct fl-om elevator bucketa hj a Bpoat, as shown in the 
Plates. 

The speed of an actual screen to deliver 400 tons of coal in ten hours 
is from ten to twelve revolntions per minute, but in dealing with very 
soft or tender coal Mr. Schmitt prefers a slower speed, and suggests that 
two spiral screens (each equal to treating three-fnarths of the quantity) 
be used, and tlie speed reduced to six or eight revolutions per minute, 
the same elevators supplying the two screens. 

The following table shows the comparative results obtained on the 
Ruhr from actual working of ordinary revolving drum screens and of 
the spiral screen. In each case the bulk of the coal us worked frt>ni 
the pit is composed as follows, viz.; — 

1(1 ppr cont. pieces Urger tlinn 3 inch cubm. 



less tliaii ji inch siid iluff. 



This coal, as coming from the pit, is passed over an ordinary inclined 
screen, which takes off the blocks, or 20 per cent, of the whole, the 
remaining 80 per cent, being delivered by the elevators into the screens, 
by which it is separated into five sizes. 

The arrangement and dimensions of the comparative screens from 
which the following table is compiled are shown in Plate XXXTIIL. 
Fig. 1 being the revolving drum screen and Pig. 2 the spiral screen. 
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TABLE OF COMPARATIVE BP.SCLTS— ORDINARY DRUM SCREENi 
Platb XXXVIIL, Fio. 1. 

Eint pnrtiou, 5 ft. 3 in. diameter, IE ft. 9 in. long, 12 rerolutioiu p<?r tainut 
Second do. 4 ft. 6 in. do. 14 ft. 9 in. do. IS do. do. 
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SPIRAL SCREEN. 






PiAT« XXXVIIL. Fio. 3. 
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From thia table of results it appears that the ordinary revolTiog 
dmm screen delivered 1,490 Ibe. of ooal per minute after passing it 
over 5,870 square feet of enrface; and tliat the spiral sCTeen delivered iho 
same quantity, bat passed it over a surface of only 2,fi70 square feet, or 
with fifty per cent, less surface traversed. By tbe table the spiral screen 
delivers the same quantity of acreenod coal as the revolving dnim screens, 
tlio coal in each case being separated into five sizes, exclusive of the larger 
pieces which will not pass through tho largest holes in the screens, but 
Ibis degree of separation not being required in Englund, the proeciw of 
screening can be simplified in proportion. Tbe circumferential 8])e«dft 
of tbe screens are, in the case of the first ])ortion of the dmm screen, 
198 feet per minute ; in the second, 210 feet per miutite: and in tbe 
spiral screen, 1^0 ft-et per minute at the mean diameter. 

The greater quantity of ooal screened on a given surface by tho spiral 
screen may bo accounted for by the fact that the coals lie in thinner 



layers (being more distributed), and that they move on a horizonta] plane, 
while in the dmm screens they have, besides the revolving motion, 
a lateral sliding motion down the incline of the drum. Then, in the drum 
screens, the "dniF" has to find its way through the smallest holes in the 
first section of the screen, the "peas" through the next, and so on. 
Thus, the larger pieces of coal remain on the screen till the whole proce-ss 
of separation is completed ; while in the spiral screen this is exactly 
reversed, ns the larger pieces are first separated and thrown out, the 
"nuts" next, then "peas" and smaller sizes, and finally the "duff," It 
is therefore certain that the " duff" must be perfectly separated from the 
other sizes, which are also each better defined than by the drum screens. 

Another important point is gained by the larger pieces being first dis- 
posed of, viz., that they are thus prevented from being knocked about 
among the smaller sizes to the breaking up of both. The absence of this 
knocking about, coupled with the fact that a given quantity of coal while 
being screened has in the spiral sckku to pass over only half the surface 
required in the dnira screens, fully accounts for the great difference in the 
amount of breakage of the coal in the two kinds of screens, because the 
breakage increases exactly in proportion to the surface traversed by the coal 
in the process of screening. Hence, it is less in the spiral than in the dmm 
screen by 50 per cent, on this ground only. Further, the breakage caused 
by the larger pieces being retained on the screen increases as the cnbe of 
the size of the pieces (the weight of which is as the cnbe) and, by calcu- 
lation made npon this data, it is found that the breakage while in the 
screen is less in the spiral by SO per cent. This so far is theoretical, 
but based upon correct principles, and. to a great extent, confirmed by 
actual results. However, the mere saving in breakage by the smaller 
extent of surface traversed by the coal in the spiral screen is in itself a 
valuable result, and it is a practical fact according to the testimony given 
by managers of coal mines in Germany. 

The modeof dealing with the coal in Germany is described as follows: — 
The rough coal as it comes from the pit is passed over an ordinE^ 
inclined bar screen which retains the larger coal, and delivers it at the 
bottom on to a travelling belt upon which it is cleaned, the stones, slates, 
Ac, being taken out. At the end of the belt it falls into wagons and is 
taken to market. The small coal, which has fallen through the bars of 
the screen into a pit, is taken by an elevator up to the spiral screen, 
whence the sizes above "dufi"' are delivered into pulsating washing ma- 
chines. The coal fioatiug off the surface is paased over strainers, to take 
off the water, and then runsdoim into depots, and is also taken to market. 



the peRise alate, pyrites, &c., being carried away by creeperB iiito tuba. The 
smaller coal next to " duff" is taken into a ilisinte^ator and crushed for 
coking, and the " duff" (which has not been washed) is also tTushed and 
made into coke. 

The |irinciple has bIbo been BUCceBsfully adapted for sorting ores into 
various sizes, but its application to coal has alone been dealt with in this 
short notice. 

In condusion, the writer would draw attention to the manifest 
advantage which would result by eliminating from the "duff" snch 
marketable coal as " peas," or " small" without dust. 

The COAiBHAN, after inviting discussion, stated that if the lienefitx 
which Mr, Morison claimed for the screen were carried ont in practice, 
there was no doubt it would be a great improvement upon the ordinary 
revolnng screen, although if it was necessary in the first instance to 
separate the large coal by an ordinary inclined screen, this additional 
plant would be required, and the breakage incident to that process would 
still take plac«. 

Mr, Morison stated that the screen was constructed to separate the 
duff and the different classes of small, and that when the ordinary inclined 
screen was used to separate the large pieoes, the present inclination of snch 
screens cuold be considerably reduced with a proportionate saving of 
breakage. 

The CHAlKKAif said, they were very much obliged to Mr. Morison 
for bringing practical machinery of this description before them, the nse 
of which would save labour and improve the quality of the work. lie 
had mnch pleasure in proposing a vote of thanks to that gentleman, 
which was unanimously responded to. 



The CHAniaAN then announced that Mr. Morison's paper " On Rigg 
and Meiklcjon's Coal-cnttiug Machine" was o{ien for discussion, and asked 
if Mr, Morison had anything more to say upon the subject? 

Mr. D. P. MoBisoy stated that since the paper had been read he 
had made a point of going to Scotland and making himself personally 
acquainted with the working of the machine at Peustun Colliery, neiir 
Tranent, where the owners had had two years' experience of it^ efficiency, 
and he did this because be desired that the members (if the Institute 
should be in possession of the most relinble information on the subject. 
He was bound to admit that after his inspection his opinion on the value 
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of the machine, and the flgtirea representing its efficiency, had been 1 


modified eonaiderably, in a way that, in his opinion, very much enhanced 1 


the value of the machine. 1 


By the courtesy of Messra. Deans and Moore, tlie owners of the Penston 


CoUieiy, the writer descended the pit on the afternoon of the 4th Febrnary, 


in time to see the machine start work on the long-wall face of coal prepared 


for it; and the following is a transcript of the notes made on that occasion 


from the Btai't until the end of the face was reached. 


TABLE No. I. 


Penbtoh Collibby, 4ts Kebbfaby, 1879. ^^^^H 


WoBE Pebforubu bt Rioo ahd Mbielejoh's Coal Cutteh, ^^^^| 










»>OF»<... 




Tlt.>. 


CVTTIXO- 


yS^ 


CADn or BnrFioa. 






Mloii*~ 




b.DL 


MbiufaAi 


Out. 








Started. 


B30 












Stopped 


4-10 


40 


24 


To chanee out.tera ; 8 ctittera changed. 






SO 


Started. 


4-30 














Stopped 


4-45 




S8 


Small fault iii coaL 






9 


Start^ 


4-48 














Stopped 


6- 6 


17 




lo cliaii^ ruU. 






6 


Started. 


610 
















512 


2 




Sli'epcrs slipped. 






9 

20 


Started 
Stopp«l 
Started. 


6-21 
5'25 

5'i5 


* 


M ' 


To lengtlien chain aiid to change ont- 
ttra— Bll blnnt, 








Stopped 


5-47 






One outter beat. 






6 


SUrted 
Stopped 


5-52 
G- 3 


n 




To chanee tails and alter level. 








Started 


G- 9 
















6-12 


3 


64 


Olie cotter lo«t off. 








SUrt«d 


619 














Stopped 


6-38 


19 




Disc catching floor. 








Sti^^ 


G-40 














Stopped 


7-2 


22 


89 


To change cutten aiid "bait" time. 






30 


St»!*5^ 


7-32 














Stopped 


742 


10 




Sleeper dipped. 








Started. 


7-46 














Stopped 


7-48 


3 




Do. do. 










7-61 














Stopped 




10 


102 


To lengtheu chun. 








StArted. 


8-10 














Stopped 


814 






One cotter loose. 








8l,irt«l 
Stopped 


8-17 
8-18 






Same do. 








Started 


8-27 














Sloppedl 8-80 






Same do. 






10 


Started.! 8-W 
StopT"**!: 8-4fi 






To change 6 hadlj-tem pared cutten. 






17 


SUrted. 9- 9 














Stopped: 8- 5 




To chutge TiuU. 








Started.1 8'30 










20 


Stoppedl 10' 5 


35 1291 


End of prepared face. 




186 mini 


Total; ,. 


209IIUUB. 1291 








M 








^^1 


^^H 


^^H 
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Itn. Ittna. 

yio)i|i&gea ... ... 3 6 

Cutting 3 K9 



Or 1291 yards per shift of 6 houn 35 iaiDat««. 
„ 19-68 jarda per hour of iihift. 
,1 37 yards per boor of cutting. 

Stoppages beyond nontrol of macbiiie : — 

"Bait" time y 

Badly -tem pered tonli ... 2 

SmaUfanlt 

R^iilar stoppagea, changing niiLi, i;nttcr9. etv. 12 

Total S 



The length of wall prepared before each night shift for the machine 
may be taken as ISO yards, although in some eases 150 or ITOjardshare 
becD cat during the duration of the shift, Irom six-oDd-a-half to eight 
hniira at the face. The whole of the work is performed by three men and 
one boy, who are paid by the ton, and is filled the neit shift by the 
fillers. The arcr^c depth of cnt wan, on the night in qnestion, slightly 
over a feet 2 inches, but the writer is assured that 8 feet 5 iticheg may 
safely be taken as the average. The height of the cutting (or kirving) is 
very regular, not exceeding 3^ inches at the Iront. 

The prices paid for the machine work may bo estimated at : — 



Coal outting, labour u above ... 

Munteoaiice of roachine, Tepairing and Ipmperi 

Gutters, 111 hricauts, utc 

FUtet>(Toaud),4d.pcrtub (IOtoscore.ecwt(.Me 

Chews, 3^. per tub; droM, id. per tub, ny 



3 pur ton. 



Add w per 'fable No. II. for ii 



Oast uf bewiug . 
Coat of filling . 






This cost is stated by Mcssre. Deans and Moore to be less than half 
the cost of hand-work in other parts of the pit where the coal is higher. 
Hand hewing cunid only be introduced at very great expense in the 
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district vrlierc the cntter is at work, on accoiint of the average tbicknesB 
of scam being so small, and would result in » loss of more than 50 per 
cent, of the round toal obtained by the machine. 

The approximate comparison of round coal per ton cut by the machine 
at Penaton may be assumed to be on the average: — Bound, 12 cwts. per 
ton; chewB, 3 cwte. per ton ; duff, 5 cwts, per ton. By hand holing they 
would not obtain more than 9 cwte. per ton of round, even where hand 
holing was practicable, and in this district probably only 6 cwta. per ton 
would be produced. 

The writer would wish to correct the figures given to him for hia 
paper, they having been somewhat overstated. The following table 
will be found a correct estimate of the plant required, and of the actual 
cost per ton taken over the past twelve mouths : — 

TABLE No. II. 
Cost ot Plattt ekqcihbd fob tub Wobeino or onb of Riou and Meielkjoh'b 

PiTBNT COAt-CCTTIBQ MiCniMES. 

One Btatm boiler, with HttingB cumplete 

One tur-winprmnQg- engine, with ateam engine combined 

One air receiver, or old boilec 

One nuubioe, with ruls and Bleepera ... 
Bteam and air pipes, with ciinnectionB ,. 
Building! and foundaCioiia 
Allow for iaddentsl e;ipensei 



e machines the coat of plant woald have to Iw only elightty il 
the cotnpruuing power would b« ample for auch ilicreaae. 



Cost pbb Anhcm (240 Wobkimq Divb.) 
Interest ou £1.520 at B per cent. 
Depreciation ot machinerj at 5 per cent. 

Repairs on machinery 

Stores, includltig steel for eutters, etc .,, 
Coal for iteam boiler, &tO tons at 3s. ... 
t^uiithy coal, Hlis, and other tools 

liHremau or boiler stoker 

Blacksmith for aliar]>etiiiig catter*, etc 
Wages for three lueii and a boy for Uoling 38,400 yards liueal, 
being 160 yards per shift far 240 dayn, at SOa. per shift 



In 240 worltiiiK days 38,400 yards were cut ii 
38 inches; say, 26,600 tons, at l^d. per t 



the Beam, which averages from 2'. 
n, left ready in foe- tor flUfra. 
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These figurea had {,'iveD liim a basia for eetimatrng the cost of intro- 
dudog the machine into some of the thicker seams here, where he con- J 
Bidered that, at a dist(uii;e of 400 yards in-bye as in Scotland, a saving ol^ 
over 50 per cent, would be effected. 

In anawer to qaeationa from different memberB. Mr. MoRisoN stated, 
that tlie qualitj of coal was very hard and totally difftTent in texture 
from any that was found in this district. [Members who had examined n 
lai^ and handsume spec-imen that was exhibited in the Hali, pronounced 
it similar to the Nortli Country Low Main, but sbghtly harder and more 
brittle.] The Is. 6jd. a ton mentioned as the cost of hewing and filling 
the coal, was equivalent to the hewers' wagea here. It included filling 
the coal into tube at the gateways, ready to Ite transported trom the face, 
but it did not include any underground transport. 



Mr. Breckon asked if the meeting could have any idea of the per- 
centage of large ciml as worked by the macliine compared with the 
percentage by hand labour ? That seemed an important part of the 
question, as far as the coal trade at present was circumstanced. 

Mr. MoRisoH — The proportion of round coals to small got hy the 
machine ia as twelve to twenty ; that is, with the machine, out of a score 
of twenty tnhs twelve are ronnd. In a part of the pit where the seam 
is thirty inches, there is less than one-holf ronnd coal got by hand holing ; 
that is, by hand labour, out of every twenty tubs in a thirty-inch seam 
there would be alxiut nine tnbs of round, as compared with twelre tuba 
by machine in the twenty-two inches district. 

Mr. LAniiKNOE said, that Mr. Morison's experience had gone to show 
the great utUity of the machine in working excessively thin seams, scams 
indeed which were so thin as almost practically to prechide their being 
worked by hand, and this he considered to be the great advantage of coal 
cutting machinery, inasmuch as they enabled a reasonable percentafn of 
round coal to be obtained from Beams which would yield almost nothing 
but small if worked by hand in the usual way, and hardly allow them to 
be worked to a profit at all. Mr. Breckon, however, he undorsttiod to 
ask, what would be the increase of lai^' coal in seams such as they had iu 
this neighbourhood, which were capable of being profitably hewn by hand ? 
Uo would be obliged, also, if Mr. Morison would give liiin some explana- 
tion as to the mode of filling ; the large sample of ooul exhibited upptnivd 
to him to be the full thieliiieas of the seam, less the S^ inches taken out 
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by Jdrving, and he raold not see how men who neceasarily had to work 
on their hands and knees could possibly fill such large pieces unleaa a 
considerable part of the roof was taken away. 

Mr. MoKisoN, in reply, stated that the gateways, which were about 
12 yards apart and led direct to the fiice, were made of sufficient height 
to carry the tubs. Aa the machine went along kirving the face, the coal 
was kept from falling by wedges, and when the kirving had been com- 
pleted these wedges were removed. The coal was then caat to the tuba in 
the gateways, where there was more height, and the Is. GJd. per ton 
included this amount of throwing back, which, of courae, would never 
exceed S yards. The coal cutter is on wheels which run on rails. With 
regarf to the amount of large coal produced, he would draw their atten- 
tion to the fact that if a seam of the thickness of the one he had visited 
at Penston could be worked by hand, which lie very much doubted, they 
would hardly get any round coals at all, because ui a kirving of 3 feet 4 
inches deep, about 16 inchea in height of coal would have to be hewn out 
to waste in the fore part of the kirving, whereas the kirving the machine 
made was only 3^ inches deep from the front to its extreme depth. 

The Chaieman asked what Mr. Morison meant when he flai"d that 
for a certain length of time the stoppage was out of the control of the 
machine ? 

Mr. MoRiso-V said, that that was when through some mistake on the 
part of the men at the surface the cutters aent down had not been 
tempered, and also the meal or " bait" time. 

The Chairman asked if there was any reason why there should be 50 
per cent, of the time lost if everything was going smoothly ? 

Mr. MoBisoN said, it took nearly half of that time to change the rails 
from back to front, and to renew the cutters, which would scarcely be 
called lost time. 

Mr. Lawhence aaid, that his experience of coal-cutting machinea 
— and he had seen a great many — was something like tliat described by 
Mr. Morison ; half the time was lost. If they could get machines to go 
straight ahead without so many hitches, they would certainly then have a 
very good account t-o give of them. He did not understand Mr. Morison 
to mean that the men only worked three hours out of the sis, and in the 
other three took their bait; but it did seem strange that the machine 
worked only half its time. Those wJio had been down in these narrow 
seams and seen machines at work knew the difflcnlties under which the 
men laboured ; and, therefore, even considering that the machine woi'ked 
only three hours out of the six in snch a narrow seam, he thought it 
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compared very favourably with some machincB which he had seen, 
which worked perbajja holf-an-hnur out of the sh. 

Mr. Weeks thought the great miBtakc which was made was, that they 
wanted the coal-cutting machines to traverse too much ground. He 
believed that by employing more machines they would have better results 
than by having one machine and working it at a rate that wag unsuitable 
to its strength and stnicture. 

Mr. MuBisoN said, in conclusion, that what he considered the best 
practical test of the machine was, that at Pension for five days a week — 
and lie believed for nearly two years, certainly for over eighteen months 
— they hewed 100 ttjns of coal every night with this one machine: and 
even if the height were sotficient for ii man to work in, it would take a 
great many men to do the same amount of work. 

The Ohaikman tlicri pro|io8ed a vote of thankx to Mr. Klorison for 
the additional information on the important subject he hod laid before 
them, which was unanimously carried, and tJie meeting then tcrniiuabid. 
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GENERAL MEETING, SATURDAY, APRIL 5, 1879, IN THE WOOD 
MEMORIAL HALL, NEWCASTLE-UPON-TYNE. 



G. C. GREENWELL, Esq., Pbbsidbnt, in thb Chaib. 



The Secretary read the minutes of the last Geneml Meeting and 
reported the proceedings of the Council. 

The following gentleman was elected : — 

Studbwt — 
Mr. Ebkitbth Macrab Datis, Townelej and Stella CoUieries, Rjton-on-Tjne. 

The following were nominated for election at the next meeting : — 

Obdikaby Mbhbbb — 
Mr. Abthvb Lawbbncb, Mining Engineer, 72, Crockherbtown, Cardiff. 

Absociatb Mbmbbb — 
Mr. DouoLAs M. Bbll, Rope Mannfacturer, Hendon Ropery, Sanderland. 



The President then read his Inaugural Address as follows : — 
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THE PRESIDENT'S ADDRESS. 



Gentlemen,- — In the address, which, by the honour yon have con- 
ferred upon me in electing me your President, yon have permitted me to 
present to you. I proixise, in the firat place, to take a general retrospect of 
what has been done in the lagt twenty-six years, in order to ascertain if the 
programme laid down for itself by the (tbeu) North of England Institute 
of Mining Engineers has, so far, been sncceBsfTilly followed, as regards the 
resullfi Eongbt to be obtained; and, in the second place, to consider that 
programme in onncction with certain other arraogementa by which its 
progress may be still further increased. It is not my intention to enter 
into any questions in which matters connected with capital and the em- 
ployment of labour, in their relationship to each other, as such, are involTcd. 
In the early stages of the Institute when themajority of its members were 
living under its shadow, and when it might be supposed that home inter- 
ests might have allowed the introduction of such subjects, little, if any, 
reference was ever made to them; the present condition of the Insritnte, 
numbering among its members representatives of the mining and mechani- 
cal interests of even more than the "United Kingdom, entirely precludes 
them. We may consider the condition, capacity, and economical appli- 
cation of the powers of those employed; and we may also consider the 
mode of effecting economy in mineral production as regards the establish- 
ment of plant, the manufacture of machinery, and the adaptation of such 
appliances as are connected therewith, without in any way taking into 
our consideration any other question relating thereto, except as regards 
the promotion of such an employment of each as will conduce to the most 
advantageous application of all ; and this is the task, Gentlemen, which 
we have imposed upon ourselves the duty of performing. Much has been 
done, to which many most able papers communicated to this Institute bear 
unequivocal testimony, but much more remains to be done ; and such is 
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the onward march of science, such are the diacoveriea by which we are 
almoet daily startled, that it will reqnlre our moat assiduous endeavours, in 
availing ourselves of their application to onr own drcumatancea, to keep 
pace with them. 

We have two elements to deal with; one of them we can apply oe we 
will — Capital; and the other we can only apply in a qualified degree — 
Labour. I will not, as previously stated, attempt to define the relative 
value of each, but merely endeai'our to show the condition in which each 
should be placed so as to produce the beat combined result from both. 
To what extent is this condition attainable, so far as comes within the 
province and scope of this Institute? That is our present problem. 
Labour, in order to perform its part rightly, should be eificient in the 
highest degree, and to this end it should be enabled by the application 
of capital to e^ist imder such primary conditions as include — 

1. The (greatest practical security for the life of the workman. 

2. The moat skilled education of the workman. 

8. The greatest economy in the application of his time and energy. 

1. The greakst praedcal sfcurili/ /or the life of the teorkman, — AVliat 
has already been done in order to attain this object, and which has 
to a large extent been due to the exertions of this and of kindred 
institutes, will be seen by the following comparison between the state of 
things in existence previous to 1852, when this Institnlc was formed, and 
that at the present time. 

In the year 1851 there were employed above and below-ground in the 
collieries of Great Britain 316,217 persons, and of these 1 out of every 
219 pereona employed met witi a fatal accident; or there were 4-56C 
deaths to every 1,000 persons employed, in the year 1877 the number 
of persons employed in the minesof Great Bntain and Ireland was 494,386, 
and the proportion of deaths was as 1 to 409, being 2'445 deaths ti> every 
1,000 persona employed. And this result is not that of an uxccptional 
year. In 1874, the ratio waa 1 death to every 510 persons employed, 
and In 1876 it was I to 551. 

In the ten years previous to and including the year 18G0, the ratio of 
deaths to the number of persona employed was as 1 Ui 245, or at the rate 
of 4-081 per 1,000. 

In the t«n years previous to and including the year 1870, the ratio of 
deaths was as 1 to 300, or at the rate of 8-8.^3 per 1 ,000. 

And in the seven subsefiiient years to and inehiding the year 1877, the 



PBB8IDHNT fl ADDHB98. 

ratio has been as 1 to 443, or 2'257per 1,000, or about one-balf of what 
it was m 1851. It iBcarDeatly to be hoped that this proportion will still 
be largely diininiBhed. 

When we find tiiat the loss of life from exploeionfl of fire-damp in 1851 
was m the proportion of I to oTery 673 persons employed, or 1-486 to 
every 1,000; that in the ten years ending with 1800, the proportion 
wflB as 1 to 1,008 persons employed, or 0-992 to every 1,000; that in the 
ten years ending with 1870, it was 1 to 1,408 persons employed, or 0'710 
to every 1,000; and that in the seven years ending with 1877, it was aa 1 
to 2,671, or 0-374 to every 1,000 persons employed in mines, or about 
one-fourth of what it vras in 1851, wc have, I think, fair groimd for con- 
gratulation, especially when we reflect upon the fact of so much of the 
coal produced during the last quarter of a century having been worked 
out of the maiden districts of the most fiery coal-seams of the kingdom, 
and perhaps of the woi'ld, and that this is the class of accident which, 
above all others, is that least under control. The above results are ob- 
tained from the excellent and highly instructive table contained in Mr. 
DickiiiBon's (Inspector) Report to Her Majesty's Secretary of State for 
the year 1877, recently published. 

Without going so minutely into detail in other- matters, it appears 
desirable to make a few further extracts. 

Whereas the deaths irom "roof and sides falling" have, in 1851, as 
compared with 1877, diminished from 1 death to every GGl persons em- 
ployed, or 1-513 per 1,000, to 1 death to every 1,103 persons employed, or 
0*906 per 1,000; and that the deaths in "shalls" have in the same years 
(alien from 1 death to every 987 persons employed, or 1-023 per 1,000, to 
1 in 3,832 persons employed, or O'SfJl per 1,000, we have again, I think, 
fair grounds for congratulation. 

The deaths fix>m " miscellaneons accidents under-gronnd" have, in 
1851, as compared with 1877, increased from 1 death, in 1851, to every 
2,9(!1 persons employed, or 0-337 per 1,000, to (in 1877) 1 death to every 
2,643 persons employed, or 0'378 per 1,000; and the deaths from "miscel- 
laneous accidents above-ground" have in the same years of comparison 
feJlen from 1 death to every 4,914 persons employed, or 0-203 per 1,000, 
to 1 death for every 5,014 persons employed, or 0-199 per 1,000. 

In these two latter cases there has not been any improvement; but it 
must be borne in mind that these belong to classes of accidents far more 
under the contra! of the persons who suffer by them than those others, the 
protection against which tails to a large extent within the province of 
capital and its immediate agents. 
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That the two lust itcnifl refetrcd to occupy no insignifiouit place in the 
entire category iaaet'n by the foUowing percentage position of each of the 
five clflSBM analysed : — 

1. Firo-dunp oiploalons 21-65 

2. Roof and sides falling SO'IT 

3. Shaft* 16-46 



4. MisveUnQooiis nnder-groimil 
G. Oo. Burfttco 



8 per cent. 



- 22-72 

10000 



When in the year 1835 the late Mr. Buddie gave evidence bc'fore a 
Select Committee of the House of Commons on accidenis in mines, he 
gave it as his opinion that the lose of life in the North of England, Irom 
ordinary casualties, mitfit be very nearly equal to that occa8ione<l by ex- 
plosions of fire-damp {Eiidence, 2,378). Mr. Buddie, from his large 
opportunities of possessing knowli^dge of the facts, and from bis well- 
known habit« of accurate oljservation, would in ail probability he not very 
far wrong in his conclnsiona. Unless, therefore, aince those days the 
loBB of life from explosion has enormously diminished, that from other 
oasnaltiea has enonnously increased, but this, ascertained facta absolutely 
disprove. 

On careful consideration of what I liavc already brought l)efore you. 
Gentlemen, I think that it must be candidly admitted that very great 
Htepa have been taken in the direction of bringing alnxit that secinily of 
life so earnestly to he desired; but at the same time it is none the Ivea 
incumbent upon us to leave no stone unturned whereby that security may 
be much further promoted. 

We have seen that the loas of life from all causes during the year 
1876 was 1 to every 651 persons employed, or I'Sl.l deaths per 1.000 
persons ; and I lake that year, not because it happens to be the most 
lavonrable, but because it allows a comparison to he made between the 
casualties of mining and those aifecting life at sea. 

In the year 1870, tlie loss of life in the merchant service by drowning 
alone was 1 t<i every 87"503 persons employed, or 11'428 per I.OOO, Of 
the above, the loss uf life by drowning, occasioned by wreck, was 1 to 
IGO'oSO persons employed, or 6-227 per 1,000 ; and by other accidental 
drowning, 1 to 192-292 persona employed, or 5202 per 1,000, And Uiis 
was not an eic«ptional year, lor the average of the ten years ending 187fi 
givea the following death-result, by drowning only, io the merchant 
aerrice: — 
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By wreck, 1 to 119-990 persona emplojed, or 8-3 per 1,000 
By accidant, 1 to 1B&<>M „ „ or 5'3 per 1,000 

Total, 1 to 73'401 persons emplojed. or 13-6 per 1,000 

And this by no means represents the proportion of the number of deaths 
by accident at sea to the number of those employed, for the above only 
includes casualties by drowning, and is excluBiye of deaths oocaeioned by 
other caases, and ia eiclusivc of " masters." 

The Report of the RegiBtrar-General, recently issued, does not furnish 
us with the deatha from other causes, but these must largely augment the 
grand total. Even in the Royal navy tbe loss of life by drowning alone 
was, in 1876, 1 to every 840"245 persons employed, or 1-2 per 1,000; and 
in the same year tbe number of lives lost by other accidents was 2 per 
1,000, making a total of 3-2 per 1,000, or 1 death for every 312-5 persons 
employed, presnmably alao exclusive of "maaters." The number of deaths 
in this year was to some extent enhanced by 35 deaths from the boiler 
explosion in H.M.S. "Thunderer." 

The average loss, by drowning alone, in the navy for the ten years 
ending with 1875, was 1 to every 413783 persons employed, or 2'i per 
1,000, bnt this does not, according to the Report which I have quoted, 
include the number of deaths from other causes than by drowning ; but 
the average of the ten years ending with 1875 is probably nearly double 
what it would have been but for the Uvea lost by the " Captain" and 



In the iurther institution of compariBons between the loss of liib in 
mines and those lost in other avocations, I may add, from Mr. WilliB' 
(Mine Inspector) Report for the year ending Dec. 31, 1875, that on tbe 
authority of the Board of Trade Returns, in a total of 270,000 peraons 
employed on the railways of tbe Kingdom in 1874, 1,000 lost their lives. 
This is equal to 1 death for every 270 persons employed, or of 3703 per 
1,000, 

It may, for the soke of comparison, be stated that the number of per- 
Bona engaged in the above occupations in 1876 was as follows: — 



Marcliant secvica 
Itojal iiflvy 
Rftilwaj8(ia74).. 



siifin 



4E,010 
270,000 



And from these numbers and tbe percentages above given, the actual 
numbers of deaths from various causes can be easily calculated. 
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We are nnable to compare the casualties in each employment farther 
than has already been attempted, because we do not know the number of 
deaths at Bca (in the merchant seriice) by aecidenU from other causes 
than drowning. But the absolute number of deaths by accident in 1876 
(exclnsiye as before stated) is aa follows : — 

Mine* .,. 933 

Avcmifc of 27 ,vear« to «nd «it1i 1876 ... ... 1,&18 

Mn^Iunt (ervice, bjf drotmiiig mJy ,, a.270 

A\-enR« of 10 jcara to anil with ISTG ... .. 8.700 
Bojtl imvy. by drowning onlj &3 

Avcngp of 10 yam to and with 1S76, ilirlndinK 

loH by "CaiiUiil" and "Siwicy" 1186 

Roj'sl n»Tj, hv arcidi-iil, inclqiling wonnda, injurien, and 

drowning ... ... 144 

Avcn^TP of a yean to and witb 1876 11621 

lUilways (1874) 1*00 

There are some most usefal conclusions to be drawn from the nbore 
statistics; and the first of these, as regards the mining interest of this 
country, is a most important one, particularly bearing in mind tlie absolute 
identity of interest tliat exisU upon this point among all persons <h>q- 
nected witli mines, from the owner lo the tnipper, and that first essential 
to the economy of mining in Its true sense, the security of life. 

It is not tme, as has been asserted, that " the miner produces ooal 
by a severity of labour, and ruA ofjiersonal s"fiU/, to whicli tiie workmmn 
of no other oecupation is exposed ;" or tliat " the nnndicr of deaths in 
coal-mines averaged eight or ten times above the general average of 
deaths by viulencc from dangerous occU|>ationB ;" for wo see that even in 
the navy itaetf, with all its advantages, to say nothing of the merchant 
service, the ratio of deaths per 1,000 pers-ms employed is in exeees of 
what it is in the occupation of mining, and that in railway employment 
it is about doable. 

That there ie, on the part of all ooncemod, an ahsolnto identity of 
interest in the reduction of mijiing caanalties, is ehown by the fact that 
to all of these caennlties (see reports of Mine Ins|iectora, pattim), the 
managers of mines ok equally ex]KiBed with those whom they employ ; 
and, as is well known, tlic management is iu numeruus inatancee held by 
the owners of mines themselves, who thus have pervonal, as well as 
pecuniary, reasons for doing their utmost to prevent them. 

Having now brought before you. Gentlemen, an accurate statement of 
things as they have been, and are, I beg to be allowed, following up the 
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line which in my iiddresa to yoa, I bave laid down fur mpolf, to make a 
few remarks, and with them a few BuggeBtions as to the bearing of the 
same upon what may be done in the future, with a view of making mining 
life Btiil more eecure. 

It wOl have been observed, no doubt, that serioiia individual cataa- 
trophea have swelled the average Iobb of life in the navy ; the same 
applies to the merchant service, and the same applies to minii^, though 
not to persons employed on railways. 

Save and except as lessons Cor our inatmctiou, tliis Institute has 
nothing to do with any of these services but that of mining, and the 
others having served their object may now be dismisaed from further 
consideration at this time. 

When we look at the occasional and too frequent lai^ loss of life 
caused by one explosion, may we not ask: — Are we not, to use a homely 
eipression, putting too many egga in one basket ? Especially considering 
ft moat important qneetion which has been brought before us, namely, that 
by reason of the atmosphere of a coal mine being so impregnated with 
impalpable coal dust, that which would otherwise be probably a local fire 
may be merely the match which produces a thorough blast? la it not 
reasonable to conclude that the more ejtensive the mine, and the larger the 
number of pereona employed, the larger amount of ventilation required 
in consequence will be more likely to have the effect of stirring up such 
a loaded atmosphere ? I recollect an occasion when by reason of one 
half of the workings of a large and fiery colliery being temporarily 
drowned up, the remainder was worked double shift, coals being worked 
twenty-four hours per day instead of twelve. I have not forgotten the 
anxiety of that time, nor the expresaion of the unden-iewer, one of the 
best pitmen I ever knew, that " the pit had never time to cool." I think 
no one will deny that additional safety must result from the gas drainage 
of even a few hours previous to the nest breaking off of fresh coal. Is it 
right, even when there is no such reason {I do not say necessity) as in the 
above case, m to work collieries that " the pit has never time to cool ?" 
Simply from the safety point of view, is it right to employ at any one time 
a greater number of persona than practical and experienced men know are 
sufiicient u> perfoim a given amount of work, when that number, by ap- 
pliances within our reach, can be reduced by the substitution of machinery 
of different kinds to do that work now esecuted by manual labour? 

The above questions, and others which might be well considered, are 
such, as regards arrangements, as fall entirely under the control of capital, 
and all of them are within the province of mini ng engiaeei's. They are ail 



more or loss connected with those accident* which arise from explosions of 
fire-damp; and due ntteiitioii to them might, 1 think, lead to beneficial 
resnlts. As to the other four ulassee of accident, they «cem to admit of a 
division under two heads; one in which the appliances are supplied by the 
employer, and their application is in the hands of the employed; the 
second which, to a largo eitent, the employed have to exercise their own 
still and caution to guard agaiuBt, and it is under this latter head that 
no improvement has taken place; and this leads me to — 

2. — lite mo»l skilM edwatim o/l/w workman. — I very much doubt if 
this kind of education can !« attained except by oimmt-ntrement in the 
mine at a comparatively early age. The skilled education of the miner is 
a very different sort of thing from the education given in ordinary schools, 
and is more akin to that successfully given on board of training shi|« with 
the object of making cf!icient seamen. lu the latter case thi' training is 
not given with a view to the service of those trained ln-uig made n source 
of profit, and in consequence, with the training, can Ito gii'en other, and 
especially social, education, of which, aa essential to the best result, there 
cannot, I thiuk, be any riuestionas to the great ad\antage. What ! wish 
to convey is this: that if, in the earlier years of those mtendcd l« become 
miners, they are to have their time and mind occnpied with the work of 
school, they cannot, even if partly employed in the hurry and hustle of 
mining life, learn that " wide-awake-ness," to coin a word, which is m 
after-life the pith and marrow of a good pitman; and the ctmvorse is 
equally true. 

I dare say the idea of a " training colliery" in each district would be 
a somewhat novel one ; but I do not think that it is any Ices cajiable of 
being workeil out than that of training ships. If properly trained by such 
means, there is no reason why hoys should commence coUiery «<irk in 
earnest before the age of fourteen or fifteen. To train all would be 
probably impracticable, but the training of a considerable nmnlx-r would 
elevate the whole. I believe that when the whole of the advantagca of 
combining school education with the boy-work of the miner come to be 
properly balanced with the disadvantages derived therefrom, it will be 
found that a step has been made in the wrong direction as regards the 
production of the skilled miner. 

S. — TTtf ffrfatfgl eeonomi/ in Uu applkation of his Hm* and m*n/i/. The 
attainment of this is what must to a large extent necessarily fi'llow npon 
the attainment of the two first conditions. T)ie workman who feela that 
during his employment his life is secure, and who has that amotmt of 
skilled training and acquired experience which enables him. in the gre«teit 
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posaibli! dffjToe, to avail iiimself uf the time at hia dispiiaiil, is undoiibtudiy 
the nearest to that conditiun in which he can du the largest amount of 
work with the moat comfort and advantage to himHelf, and iu the best 
and'.uuBt wurkman-like manner. Hti will he aljle to guai'd mure carefully 
agaiiifit those accidents, the security against which depends in ao great a 
degi'ee upun his own intelligent care and attention. He will have attained 
a better position socially, and will in consetjuence have a greater amount 
of self-respect, and will lead a more orderly and better-reguiattd life ; and 
he will, mueh more than at present, be able to feel with the old soldiers 
of the (>rcat Napoleon, that "he carries u marshal's baton in his knapsack." 
Now, (ientlemen, there is here no claahing of intereate; the podtioD of 
the marshal is not lowered because able men am allowed to rise to hia 
level from the ranks. The higher class education and training of the 
mining engineer will always enable him to occupy the position for which 
he has been intended, provided always that he fail not in other respects. 
The opportunities of those without such advantages are now comparatively 
few ; but I cannot help thinking that such opportunities, if even much 
more freijuent than they have hitherto been, would be attended with great 
advantage, if in no other respect than that they would operate as a spur 
to the exertions of those who have commenced lil'c under more favourable 
auspices. 

It cannot, I think, but be gratiiyiug to the members of the Institute 
to have such accounts of other coal and mineral fields, both at home and 
abroad, us have, from time to time during the course of last year, been 
presented to them; as instance, "An Aceoimt of the Condition of the 
Mining Industries of Prussia in the year 1875," by Mr. J. B. Simpson ; 
"Notes on the Geology of the Bristol Coal-field, with special reference to 
the (jloacestershire Basin," by Dr. "Walter Saise; "On the Perran Iron 
Lode in Cornwall and the Mines of the District," by Mr, Charles Pai-kin ; 
"A Geological Sketch of the Northern Coal-field of France," by Mons. 
Henry Laporte (read by Mr. G. A. Lebour) ; "On the present Condition 
of Mining in some of the principal coal -producing Districts of the Conti- 
nent," by Mr. T. Lindsay Galloway; " On Canadian Coals, their composition 
and uses," by Mr. Edward Uilpin. We cannot all be travellers, and those 
who stay at home and have thcii- sphere of observation confined to their 
own immediate neighbourhood, are very largely benefited by such iul'or- 
mation, and it is to be hoped that the volumes of the Traiisactions will 
frequently be enriched with such contributions as these. At the same 
time, we must steadily bear in mind the objectfl lor which the Institute 
was established; these n'ere, "to me«t at tised periods and discuss the 
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means for tlieveDtilationofcoalminea, for the prevention of accidents, and 
for general purpoaes connected with the winning and working of ■.■oUieries ;" 
and however desirable it is that we should have brought before db every- 
ttiiiig coniit'cted with mining in ita most oitended I'tew, wc must not, at 
the same time, forget to give its due share of attention to its practicul 
element. 

Ah regards colliery eiploflions, a very important question has recently 
beeu raised as to their connection with the impalpable coal dust which 
floats in the atmosphere of collieries, and especially of those in which dry 
and dnsty seams of coal are worked. This (|uestii>n has been brought 
before the Royal 8oc-iety by Mr, W. Galloway ; it has also received the 
attention of the mining engineers of the Continent, and has also formed 
the subject of a paper, communicated by Professor A. Freire-Maircco and 
Mr. D. P. Morison, to the Chesterfield and Derbyshire Institute of Mining, 
Civil, and Mcehanieal Engineers, and of one more recently communicated 
to us by the same gentlemen. 

Those who have examined the workings of collieries after explosion* 
have occurred cannot fail to tiave been stmck by the following fact* which 
are of frequent occnrrencc; — 

1. The lai^e area affected by the fire, frequently including the 

general workings to a greater or less extent. 

2. The very fVeqnent entire absence of explosive atmosphere in any 

part of the workings, notwithstanding the deraugement of the 

ventilation. 
8. The quantity of charred coal dust that is found covering the 

firops and the floors and wall-sides of the drift* and excavations. 
The above certainly load us to the conclusion that it was not the 
actual condition of the mine previous to the explosion as regards fire- 
damp, which was the cause of such a wide-spread fire. What part ia 
performed by coal dust and what part by fire-damp, possibly given off 
with great rapidity during even the short period of the explosion, is at 
present hidden from us. That coal dust should suddenly bo ignited by 
fiame, distilled into gas, and exploded simultaneously over miles of uxo- 
TBtions, is not easy to realize, althongh it may be capable of ocular 
demonstration that it will do so in a bus ; it is a case in which I fear 
laboratory experiments will fail us. We are by no means absdlutcly cer- 
tain 88 to the temperature at which fire-damp will ignite; we know thai 
ooal gas will ignite at a much lower one; but have we considered the 
rtfult from a distillation at a low temjierature of that impatpul'te diut 
which we have under our notice? Not gas in ita purified stale, hut with 
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all of its highly inflammable adjuncts? And not cool, but at the tem- 
perature of distillation? Will this fire at a Davy-lainp, not at but under 
a red heat ? Have we thought whether or not the sudden compression 
(produced by an explosion) of the loaded atmosphere into the cuh-de-sac of 
the workiags might produce sufficient heat not only to distil the dust but 
to igi)it« the product? We must on these points carry our inveetigations 
much further. They are of such most serious imiwrtance that they should 
form the subject of special and exhaustive enquiry u ith expcTimentB as far 
OS possible on a practical scale, to be made by a committee similar to those 
which have been from time to time appointed to investigate the im- 
portant qucBtioua of under-ground haulage, saftty-lampa, ventOating, 
machinery, &c. 

Many years ago, when the chief employment of ooal was for purposes 
to which screened coals ouly were mainly applicable, immense quantities 
of small coal, for which there was no sale, were annually consumed on the 
fiery heaps of these and other districts. As mauufactories increased, the 
Bmall coal obtained a market which, to a large extent, it still maintains. 
The requirements for large or screened coals, however, appear to be greater 
than those tor the small ooal, without which they are not produced ; and 
there appears at present, and probably for some time to come, to be a 
likelihood of a recurrence to those " burning shames" of the past. Those 
of you, Gentlemen, who have visited the collieries abroad, will no doubt 
have observed with great interest the manufacture of fine small coal, by 
mixing it with a little pitch and compressing the mixture in a plastic state 
produced by heat into moulds, into what are called briquettes, suitable for 
those purposes to which large coal is applied. This is a subject to which, 
I think, wc may well direct oiu' attention, porticulorly as by such mani- 
pulation the whole of the valuable mineral which we bring to the surface 
by so great an expenditure of capital and labour may be utilized, I need 
not remark that if by this process we can convert worthless small coal into 
a fuel us valuable, or nearly as valuable, as large coal, at a cost much leas 
than that of producing large coal, a lower rate of exhaustion of our coal- 
fields and an equal or greater return for onr capital would be the i-eeult, 
because thus the same quantity of useful fuel would be produced by a less 
expenditure of capital, labour, and of uur natural resources. 

The discoveries which have been recently made in the jiroduction of 
the electrical light seem almost to hold out a hope to us that we may have 
mines lighted by its agency much more effectually and safely than at pre- 
sent. Tliis is a question all possible information upon which we ought to 
obtain with a view to seize upon anything which may be made available 
tot our special lequiremeuts. 
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Many of iia no doubt remember the nasertitm fiFa distinguisheii phi- 
losopher, that no 8t«iim vessel could ever rany coal enough to steam acruea 
the Atlantic ; and many of us may have heard of the saying of Sir 
Humphrey Davy, that when Luudou was liglited with gas he should ex- 
pect to ecu Ht. Paul's and WcBtminBt4.-r Abbey shake bands ! But who 
in these days will be found to doubt or i]uestion the marvellous resourcea 
of science and its power to apply t« practical use tliose secret powers of 
nature, of the very existence of which we have scarcely even dreamed ? 
Gentlemen, we have been bom filly yeai-s Coo soon ! 



Mr. Lindsay Wood said, he fett sure the members wonld join with 

him in passing a vote of thanks to their President for his very instructive 
and able address, in which was so much that would require the seriooB 
consideration of the members, and which, he had no doubt, would cause 
them to produce appliances which might tend still further to the saving 
of life, an object the Institute always had in view, and which be cud- 
Bidered it had very materially contributed to effect. He thought the 
statistics which the President had given were most instructive, and he 
felt sure that, through the instrumentality of the Institute, the saving of 
life would be still greater than it had already been. He therefore asked 
the meeting, without furtlier comment, to join with him in a vote of 
thanks to the President. 

The motion was then put and carriwl by acclamation. 

The President said, he was ej[tremely obliged to the members for 
the very high compliment they had paid him in having received hie 
address in so flattering a 



The President then annoimced tliat Mr. D. P. Morison's paper on 
" Schmitt's Revolving Spiral Screen" was open for discusBion, and asked 
Mr, Morison whether any of the screens were at work in England ? 

Mr. MoRisos said, he did not think they had been introduced into 
this country, but Mr. Danson, who had kindly supplied him with Uw 
information contained in the pajier, was present, and had some [larticuhm 
connected witli llie screen to communicate U< tiie meeting. 

Mr. DAKiiOM said, the screen, the model of which tvaa before them, 
was not at work in this oooniry. It had been inlrodueed in Gernuuy, 
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on the Ruhr, and the results contained in the paper read to the Institute 
at the last meeting, by Mr. Morison, were taken from screens actually at 
work in competition with the ordinary revolving screen, which is also 
used, and which the present screen, from its superior results, appeared 
likely to supersede. 



Mr. TV. Steadman Aij)is then read the following paper "On the 
Mathematical Theory of Amsler's Planimeter." 
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ON THE MATHEMATICAL THEORY OF AMSLER'S 
PLANIMETER. 



Bv W, STRADMAN ALDIS, M.A 



The writer's attention havinji been called to tliu mathematical theory uf 
AmBlpr's Planimcter by geutlemen desirous of becoming more conversant; 
with the principles on which its accuracy depends, he has endeavonred to 
ehicidate the subject in a short paper. 

An account of this instrument has been given in a paper by Mr. J. 
Bramivell, published in the British Association Eeports for 1872, but 
this account is rather a description of its mechanical construction than 
an explanation of the mathematical principles on which it is constnicted. 
Another account of the instrument, which appeared in Spon's Dictionary 
of Engineering is, in substance, the same a$ the one now given, but as 
some of the details are differently treated, it ia possible that the present 
attempt to further illustratfl the theory of the construction of the 
instrument in an elementary manner may not be without interest to the 
members. 

Essentially the Planimetcr consista of two straight arms, AB and 
OBT, Fig. 1. The poiut A 
is fixed, and the arm AB 
can turn freely in one plane 
about A. The other arm is 
fixed to AB at B l>y a pin, 
round which it is capable of 
tnming in the some plane 
as that in which AB turns. 
To one end of this second 
arm is affixed a tracer T; 
and at some other point of 
this arm C is affixed a wheel, 
which turns round an axis 
parallel t*) and beneath CBT, 
and whose periphery rolls on the plane on which the whole instrument 
rests. The rim of this wheel is graduated, so that by means of a pointer 
the amount through which it has toroed in passing from one position to 
annther can be reail ofl. 
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The reading of this circle gives the amount of space described by the 
point during the motioD, the space biing estwnaied at each instant in a 
direction perpendicitlaT to the, instanlntieoiis posHion oj CBT. This will be 
obvions to all who arc rnmilJar with the instrument. 

The trttccr T is made to pass round the periphery of any closed figure. 
During this process the point B will travel along the arc of a circle whose 
centre is A and radius AB, travelling in one direction during part of the 
time and in the opposite during other jrart or parte of the time, finally 
arriving at the same point from which it started. Tlie position of the 
point B can be determined for any given position of T by a proceas 
familiar to all dranghtemen, the diBtances TB and AB l)cing given. 

Let now TT, Fig. 2, be 
two consecutive positions of 
the tracer, BB' the corroft- 
ponding positions of the pin 
B. Through B' draw b 
straight line parallel tn BT, 
to meet the curve tracwi in 
U. The aiea BTT'B' is thus 
divided into two parts, one 
part differing inappreciably 
^~ from the sector of a circle 

whose radius is Bl' and whoBC angle is T'B'P, and the other being a 
trapezium whose area is approximately the product of BT into the dis- 
tance between BT and B'T', and consequently varying as this latter 
distance, since BT is constant. During this same motion the wheel will 
register the whole amonnt travelled by C perpendicularly to BC, This 
will be less than the perpendicular distance between BT and BT by the 
arc «f a circle whoso centre is B' and radius B'C, which snhE«nda an 
angle CTl'C*, which equals UBT, at the centre. 

Now if we imagine the tracer to pass over the whole perimeter of the 
closed figure, since BT, Fig. 1. finally conies back to the p<:«ition from 
which it startL-d, the algebraic sum of the areas of the small sectors sadi 
as UBT' must vanish, since the areas of sectors are proportional to their 
angles, and the sum of the angles taken positircly must equal the simi ot 
the angles taken negatively. 

For a similar reason the sum of the ana of the small circles registered 
by the wheel mnst also vanish. Henoo the final result rcgisttired by the 
wheel will be the algebraic smn of the distances between all such lino* aa 
BT and B'U, Fig. 2 : the wheel turning in one direction if B'U be to the 
left of BT, and in the opposite if BTJ be U> the right of BT. 
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It is easily seen that if during the time when T is on the part of the 
figure in whitih BT moves to the right we estimate the areas as positire, 
and during the time in whieh it m()ves to the left we eatimate the areas 
as negative, the final sum of the areas described by BT will be the area 
included by the closed figure. 

Hence this area is proportional to the amount registered by the wheel 
during the whole passage of T over the perimeter of the closed curve. 

It is obvious that the final amount registorcd will be the same what- 
ever the position of on BT, since the small distanros CC disappear 
fVom the final result. 

These results can be expressed in the language of the integral calculus. 

Let 6, iphe the angles whicli AB and BT make with any fixed direc- 
tion. Then the elementary area TBB'T', divided into the two parte 
TBTJ and TUB'B is equal to 

i b'a0 + haW COS. (0 - 0), 
if AB = a, BT = b. 

The whole area described will therefore be the sum of all sueh expres- 
sions, or 

S i b' «0 -I- 2ba COB. (^ - 0) he, 

of which the former term vanishes. 

The amount recoi-ded by the wheel as the rod passes from BT to B'T' 
= i\.ifi COB. (0 - ff) — cf0, if BC = c { 
and the whole amount recorded by the wheel therefore 

= Saad COS. {0 — e) — 2c^, 
of which the latter term vanishes. 

Hence if A be the area of the closed curve, and n the length recorded 
hy the wheel, 

A = bn. 

If b and n be estimated in inches, the area will be given in square 
inches by multiplying the record on the wheel by the length of b. 

As above remarked the relation between A and o does not involve c, 
the length of BC. Hence it is indifferent at what point of BT tlie 
registering wheel is plaeed. 

The instrument would record equally accurately if the point B were 
constrained to move in a straight ime instead of the arc of a eircle, or 
indeed in a groove of any convenient shape, so long as the point B in 
moving along the groove move so as to return at last to its original 
position. 

The two following diagrams arc added to show various cases of relative 
position of BT and B'T'. 



' 
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In Fig. 3, the area 

described ib the differ- 
ence of the sector and 
t!ie trapezium, the trape- 
zium being still described 
positively and the sector 
negatively. The small 
triangular area TUC is 
indefinrtiily small com- 
pared with the other 
small areas in the fignre, 

f^^'jtg and may be neglected in 

/ the computation. 

The investigation of the properties of the Planimeter h 
ju the assumption that the centre of roUtion and the arc described by 
the point B lie entirely tvithout the area to be measured. The iustnuncnt 
can, however, be used to me^isnre an area when the fi.^cd point A la j'laccd 
within the area, and the point B, instead of passing along a coi-t&ln arc 
of the cirde and then back along the same arc, is made to describe the 
whole of the perimeter of that circle. 




In Fig. 4, tha trape- 
zium and the sector are 
both described negatively. 
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The area described out- 
aide this circle will as before 
consist of a aeries of paral- 
lelograms and a aeries of 
sectors. The series of sec- 
tors nill in this case on the 
whole no longer cancel one 
another as before, bnt will 
add together and form alto- 
gether the area of a circle 
whtae radius is BT. Hence 
the area inside the closed 
curve will be the sum of the 
parallelograms, and the snm 
of the areas of two clrdea 
whose radii are reepectively AB and BT. 

Similarly the small area €"0", described in the small motions by the 
registering wheel, rill no longer cancel one another, but will add together 
and form the perimeter of a circle whose radius is CB. 

Hence the area deBcribed will not now equal the product of the register 
of the wheel by the length of the arm BT, but will exceed it by a quan- 
tity which depends only on the lengths of the hues AB, BO, and BT. 
H this quantity be estimated once for all, and stamped on the instrument, 
the planimeter can then be used to estimate arena of such dimeUBions 
that the whole instrument is obliged to make a complete revolution within 
the area in order that the tracer T may pass over the whole periphery. 

The arithmetical relation between the area and the register of the 
wheel is easily seen, by those who have foUowed the analysis in the paper, 
to be 

A -= bn + to" + Tb» — 2>rbc, 
«■ being the number 8-U159. 

If the wheel register one b-th of an inch aa a whole inch the register 
will give the square inches in the area to be added to the given constant. 
If the rotation of the registering wheel be such as to give a smaller 
leading at the end than at the beginning, the quantity it will be negative 
ai d must be sublrtu/ed from the constant number stumped ou the iustru- 
m6U. 
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Mr. G. B. FoRfiTEB said, he had much pleasure in moving a vote of 
thaniM to Mr. Aidis for his paper, which was most interesting. It was 
a ]wiper which would require a great amount of Btndj j but he had no 
doubt that when priott-d the members would be quite able to appa-ciato 
Professor Aidis' lucid description. • 

Air. MoRlsoif said, he had great pleasure in Eccooding the moLion, 
and it was carried tinanimoualy. 

The meeting then tenuinut«d. 
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PROCEEDINGS. 



GENERAL MEETING, SATURDAY, MAY 3bd, 1879, IN THE WOOD 
MEMORUL HALL, NEWCASTLE-UPON-TYNE. 



G. 0. GREENWELL, Esq., President, in the Chajb. 



The Secretary read the minutes of the last General Meeting, and 
reported the proceedings of the Council. 
The following gentlemen were elected : — 

Obdinary Membbb— 
Mr. Abthub Lawbbncb, Mining Engineer, 72, Crockherbtown, Cardiff. 

Absociate Mekbeb — 
Mr. Douglas M. Bbll, Rope Manufacturer, Hendon Ropery, Sunderland. 

The following was nominated for election at the next meeting : — 

Absociatb Mbmbbb — 
Mr. E. T. Bailbs, Wingate, Ferryhill. 



The discussion of Mr. J. D. Kendall's paper, "On the Hematite 
Deposits of West Cumberland," which had been announced, was postponed, 
in consequence of Mr. Kendall's unavoidable absence. 



» ' 
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PROCEEDINGS 



GENERAL MEETING. SATURDAY, JUNE 7th, 1879, IN THE WOOD 
MEMORIAL HALL, NEWCASTLE-UPON-TYNE. 



G. C. GREENWELL, Esq., Pbbsidbnt, nr the Chair. 



The Secretary read the minutes of the last general meeting, and 
reported the proceedings of the Council. 

The following gentleman was then elected: — 

Associate Membeb — 
Mr. E. T. Bailbs, Wingate, Ferry HilL 

The following were nominated for election at the next meeting: — 

Associate Membbs — 
Mr. Matthew Heckels Dofolas, Whitbam Colliery, Snndcrland. 

STUDBirr — 
Mr. Samuel Hare, Pemberton Colliery, Wigan. 



The discussion on Mr. J. D. Kendall's paper, " On the Hematite 
Deposits of West Cumberland," was then proceeded with. 

The President stated that Mr. Kendall had kindly attended the 
meeting to-daj to give any further information on the subject that might 
be required, and had brought specimens of various rocks and fossils, taken 
from the district, to illustrate his remarks. He had read this paper of 

VOL. XXVm.— 1879. 
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Mr. Kendall's with very great BatiBfaction ; first, on nanunt of the lar^ 
amount of intbrmntion it contained, and, in the next place, on account of 
the evident care whidi had been bestowed upon its compilation, which 
he was the Ijetter able to appreciate as he had himself carei\illj examined 
tlie different difitricts of the hematite iron ore conntry. He wonld first 
wish to have some explanation of the Btatement contained on pace 115, 
that the coal measnres are divisible into two parts, which are uncomform- 
able to one another, the upper part being named the 'WhitehaTen sand- 
stone. The unconformability of this "ftliitehaven eandstone with the 
coal-measures proper, as he would call them, seemed to him to be clearly 
established, but he very strongly doubted whether the former formed part of 
the coal-meaanres at nil. In the absence of distinct proof to the contrary, 
he rather thought that it was fi Permian formation. Upon this subject 
there has. in other places, been much difference of opinion. At Tyne- 
mouth, underlying the lower New Red Sandstone (the well-known "sand" 
which has been the occasion of «uch large expenditures in sinking through 
it in the county of Durham), there is a sandst'jiic and also a bed of sliale 
resembling the upper scries described by Mr. Kendall. This sandstuue 
and shale are, however, he should consider, a portion of the true coal- 
measures, coloured by infiltration of femiginons matter from the formerly 
overlying, but now denuded. New Red Sandstone. As may be »?en, the 
sandstone contains small nodules of hematite iron ore. In the whole of 
the English coal-fields which he (the President) had examined, where 
there is an overlie of Permian formation, the coal-measnres for several 
fathoms subjacent to it are stained red or purple. Where the strata to 
stained, on accoimt of their unconformability, attain a greater ileptli 
below the Permian, they lose these red and purple colours, and present 
the ordinary character of coal-mcasnre strata. These coloured strata 
were formerly and erroneously called Lower New Red Sandstone, At 
Askam, in Kumeas, the hematite, as he had obeened it in 18EJA, was of 
the nature of a stratum or bed with a limestone roof and limestone tlour, 
the strata lyiJig in the manner shown in Plate XXXIX., Fig. 1. At thia 
place the dip of the hematite bed was 8. 44 W„ at the rate of aboat 1 in 
2 on an average, and between the outcrop of the ore and sand above was 
a bed of what is termed " pindle" or " pinel," of irregular thickness up 
to 8 feet, and consisting of a mixture of earth and stones. Tlie Pit D 
was 45 yards in depth, aud the drift across the bed from A to B was 
45 yards. At E. sitantetl lOU yards from it, a borehole was put down, 
which proved tlie ore, at 80 yards in depth, to be 7 feet thick, with m 
limestone roof and a limestone fioor. Differing from the ftbove we 
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depoBita of hematite sach ns are seen at MonBell in Fnmess. Several of 
these deposita have been proved, and that now being worked is brought 
along a diift 70 jards long iu limeBtone to a shaft, also in limestone, 8fi 
yards in depth. Here the bottom of the "pocket" has not been reached. 
By the workmg of the ore out of such pockets on Liudal Moor, the 
surface has subsided in some places ne-arly 100 feet, the width of the ore 
varying from 3 feet to 40 or 50 yards. In working these " aopB " or 
" pockets," small shafts are sunk in the body of the ore, and levels driven 
in it about 9 feet iu height, the superincumbent strata being temporarily 
supported by timbering. The props decay, and the overl}Tng strata bi'cak 
down. The shafts are then deepened, and other levels driven until 
the ore is worked out. Hematite is also worked in the Forest of 
Dean, where it seems to lie in pockets more or less connected with each 
other, and forming an extremely iiTcgiilar stratum. One of these scries 
is found in the Millstone Urit and another in the Carboniferous Lime- 
stone, as shewn in Plate XXXIX., Fig. 2, The ironstone here, particu- 
larly in the limestone, seems to be continuous in a series of "pockets," 
locally named " churns," in the whole of the fonnations in which they 
are found. They have not been worked under the trough of the basin 
of the Forest of Dean, but having been found under similar conditionB 
on opposite outcrops of the basin, the inference is fair that they will bo 
found there. Experiences in Cumberland seem to lead to a different 
conclusion so far, hut perhaps further investigation may alter present 
views. At Acton, in Gloiieesterahire (" Iron Acton," as it ia called), a 
hematite, really a brown hematite, is worked in a semtstratum in the 
Millstone Grit. He had seen this ore, which was of fine quality, and 
mentioned it now as being somewhat parallel in position to the sandstone 
vein of the Forest of Dean, and as having been found, when worked at 
a considerable depth, to have changed into white carbonate or spathose 
iron ore. This leads to the conclusion that the original form of the 
deposit woa not improbably that of white carbonate Bubseqitcntly altered 
to that of hematite or peroxide by the action of atmospheric influence. 
That such a change can take place ia abundantly proved. The greenish 
iron ore of Weathury, in "Wilts ia, towards the outcrop, a hrowniah redj 
and the naturally greenish-blue ore of Cleveland, when exposed, becomes 
red also. He wished he could have ^ven some particolars about the 
state of the hematites at Brendon, in North Somersetshire, where tbo 
iron ore ia very mnch in the condition described by Mr. Kendal! in Plate 
XXVII., and in Fig. :; of Plate XXII., but the change here irom hematite 
to whitfi cai'bonate takes place at about 60 fathoms Irom the sm'face- 
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Generally, brosvn heniatiU; has been found near the gurfaoe on the Bren- 
don Hilla, rarely white, thongb soractiraes this lias occurred ; bat the 
brown haa invariably, at the depth of 100 yarda from the surface, become 
white carbonate. The lodes, as white carbonate, gradually become leu 
in width as depth increaseB, until, at Raleigh's Croaa, both aides of the 
lode come together, and the mine has been abandoned. The white car- 
bonate contains about 13 per cent, of man^ranesc and 34 of iron; the 
brown hematite about 8 per cent, of manganese and 4S of iron. 

Mr. G. B. FoRSTEK said, iu reference to the specimens of Whitehaven 
sandstone which Mr. Kendall had brought, he was pretty well acquainted 
with this sandstone, and had recognised the same characteristics in the 
Btoae of the walls near Tynemouth Caatle gate ; but whether this particalar 
sandstone ran over and was conformable to the coal-measures here or not, 
Mr. Kendall was perfectly right in stating that it did not do so in Cnm- 
berland; and this was distinctly proved by its immediately overlying 
different seams. He had no donbt this Whitehaven sandstone was 
equivalent to the sandstone immediately above the coal measures in this 
district. 

Mr. Marley aeked if Mr. Forster thought it was part of the coal 
formation proper. 

Mr. FoKSTER — It is not conformable to the coal formation proper. 

Mr, A. L. Steaves&on thonght all must agree with the remarks uf 
the President as to tiie value of the paper, and the care the author had 
taken to make it complete. With regard to the first part, it was intro- 
ductory : the second, which defined the position, formation, and inner 
nature of the deposits, he thought was especially valuable; but probably 
the third part, which touched on the age of the deposits, might Ik a littlo 
open to controversy; while the latter portion, which treated of the origin 
of the deposits, he must say he was inclined to consider as incon- 
clusive. As he (Mr. Steavcnson) understood Mr. Kendall, that gentleman 
considered that there had been a species of transformation, and that 
what was originally lime had latterly become hematite- The gist of Mr. 
Kendall's argument seems to be contained iu the following quotation 
from page 148: — " It is known that when certain material elements, or 
certain combinations of those elements, are brought into contact under 
certain oondittons there takes place between them a chemical nmXion. 
For instance, if a piece of chalk is dropped into a solution of perchlorida 
of iron, there at once sets iu a reaction between them; part of the chalk 
is dissolved, and a red precipitate tlirown down in its place. In time the 
duUk would disappear altogether, and nothing be ted but this tvd yrf 
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cipitate. Now, that seems to be the procesH by which the hematite 
depoBits were pniduced. The Ihnestone, the slate, aad the granite were 
each attacked like the cbalk ia the above experiment by a solution of 
iron, by which parts of them were removed and peroxide of iron thrown 
down in place thereof." Now, he could not help observing that whes 
all the difiercnt formations in which, according to Mr. Kendall's own 
account, this hematite is found, came to be considered — first, the granite, 
next the Skiddaw slate, then the Borrowdale scries, together with the 
ConiBtoa aeriea, the Carboniferous Limestone, the Millstooe Grit, and 
the coal-measures, he miat say that it waa very difficuit to believe that 
snch a chemical reaction could take place equally between all the rock& 
He could quite imagine that in the case of the limestone it might occur, 
but with such rocks as granite it might well be asked how such a change 
could be produced; and he saw very great difficulty in accepting the 
solution proposed. In several papers by such great authorities as Sir 
Roderick Miu-chison, Professor Newberry, Professor Harkness, Mr. David 
Forbes, and othera, which had been reviewed by Mi-. Kendall, many 
sources of origin were alluded to, bnt the process of formation 
indicated by Mr. Kendall had been alluded to by none of them ; and this 
was to some extent primd facie evidence that such a sujjposition as to 
origin could not be altogether supported. Then, again, it was a rather 
curious fact that there are so many different kinds of ore. If red hematite 
can be ci-eatcd by such a transformation — and be thought that word met 
the case best — how was the fact accounted for that it sometimes took the 
form of kidney ore, and sometimes that of brown hematite ? Again, in 
page 152, we were told by Mr. Kendall with respect to the source of the 
ore, " that it was primarily volcanic would be admitted without hesitation." 
How conld this Ije reconciled with the transformation theory? He was 
obliged, after a careful study of the paper, to oonfess that be could not 
follow the writer, and that he did not consider the question had been 
satisfactorily solved. It rather curiously happened that in December, 
1878, the very month and year in which this paper was written, there 
had been a paper contributed to the Rtvue Univarselle, by an eminent 
Frenchman, who, in speaking of some hematite deposits in Spain, said,* 
"We think there can be no doubt that these minerals have been deposited 
by hot inundations during the cretaceous periods. These inundation^, 
strongly charged with carbonate of iron, have filled all the cavities of the 

* VuL IV., !4iimbflr 3 ; Norcinber ami December, 1878. 
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lime, and the tttineral contained thLTcin bus formed deposits taking the form 
of the existing cavitiea." Then he gives tivo theories : — " Aa we have said 
above, different hypotheses have been hazarded aa to the configuration and 
formation of these deposits, First, we must admit that the balk of the red 
ore at first formed part of a horizontal bed, covered afterwards by the 
psammitcs {=arenaccous shales and shaly sandstones =^ey beds) [strati- 
fied Bhttles] and the limestones of the chalk formation. This bed had been 
thrown up, and by these moveraents of the soil had given birth to the monn- 
taina ; then the fissures whidi took place after this upheaval allowed the 
passage upwards of those heated inundations which produced the cap of 
brown hematite. By this hypothesiB, the ore woold not be found to extend 
greatly in depth, but would be found under the schista and calcairea 
which form the aides and beda uf the valleys," According to another 
theory propounded in the same article, it has been thought that after ttje 
peammites, gr^s and calcaires ci^nomaniaus were deposited in horizontal 
beds, these sedimentary deposits had been raised with violence, accom- 
panied with the formation of vast crevices into which were poured the hoi 
wat£r innudatione proceeding from central fissures containing tlie metal, 
and that these fissures and the subseqnent cooling of the water had 
formed the deposits of ore. The paper he bad referred to was on the 
Mines of Somorrostro, in Rpain ; and the ivriter gave geological not«s on 
the subject, at page 6G0, which clearly disagreed with the views pro- 
pounded by Mr. Kendall. He (Mr. Stcavenson) would be very glad if 
the theory mentioned by Mr, Kendall should lead to some comprehension 
of thia rather difficult subject, He thought, however, that the value of 
the. hematites in the past would be somewhat diminished by the later 
development of the Cleveland steel question. 

Mr. T. J. Bewick said, he wished to add his meed of praise to that 
already bestowed by the President upon this really valuable paper ; for 
whether or not the theories propounded by Mr. Kendall were corrocl, the 
paper was certainly, he thought, a most valuable contribution to their Trao- 
aactions, and one which might, if it did nothing further, open the door to 
a solution of the phenomena described. He (Mr. B.) was ready to admit 
that the more be saw of the deposits of hematite in Cumberland. North 
Lancaahire, and other [ilaces, the more he was pnzzk-d to account Ibr 
them in the varying positions and conditions in which they were found. 
He knew some of the mines referred to by Mr. Kendall, and lie also 
knew something of the North Laiieashire mijiea, which, although in 
another county, were simply a continuation suulhwurJ of the depoaita 
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described in the paper. He hud the pleasure, about a montb ago, of 
examining with considerable care one of the moEt remarkable deposits in 
North Lancashire, at the Stank Mine, near Barrow-in-Fumeas, where 
there is, at any rate, one very distinct vein or lode passing through the 
country with a considerable inclination or dip, and with, so far as had been 
ascertained, a large dislocation, i»robably many fathoms. Tbia mine is in 
limestone, overlaid by a. black shale; and the vein is aaid — he could not speak 
to this with certainty — not to penetrate the shale, but perhaps Mr, KeudaD, 
who knew it very well, would be able to tell them whether it did or not. 
It bears a very gi'eat similarity to an ordinary lead or copper vein, only 
it is composed entirely of hematite iron ore of a rich chai-acter. It Is 
being worked now at a depth of 108 fathoms from the smface ; and there 
is no change whatever in the character of the ore, except that, perhaps, 
it is a trifle more concentrated or rich at that depth, but there is no 
appearance whatever of any change from red hematite to any other class 
of ore. At the side of tliia vein are large deposits or pockets of fine 
rich hematite in the limestone, and, go far as he was able to aficcrtain, 
without the slightest lead or vein to show that they were iu connection 
mth any such geological characteristic. The limestone seemed simply 
to have been replaced by hematite, and the whole of the roof and sides, 
BO far as had been proved by the workings, was nothing but limestone 
without anything to account for the ore being there; and he confeased 
that he could not reconcile these appearances ii-ith any theory he knew 
of. With reference to the deposits in the Forest of Dean which had 
tieen alladed to by the President, and some of those in Cornwall which he 
had seen, they were all more or leas of a different character to those in 
West Cumberland and North Lancaahire. Those in Cornwall were simply 
veina pure and simple in the aurrounding strata. There was nothing 
known there of great pockets iu the rock. On the other hand, the 
ores in the Forest of Dean, the President correctly described them as 
being without any indication of veina. There were some veins described 
in the paper which he thought were very similar to those iu Cornwall. For 
example, those in the Skiddaw alatea. The same remark apphed to others at 
Boot, in Eskdale. He had been in that mine, and there the deposit was, 
OS he had already desci'ibed, a vein pure and simple, whereas the deposits 
in the limestone were not, excepting perhaps iu the case of the Stank, 
the Lindal Moor, and it might be some others, where the ore waa worked 
in distinct veins, although, in addition to these veina, there were lai^e 
masses of hematite found in the limestone. There was one very peculiar 
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deposit, which he remembered aceing n Tew years b;,'o, in North Lanes- 
shire, close to Lindul Moor, in ttie shape of a lar^ mass of tioe 
hematite, without any rock whatever to be seen about it, neither over 
nor surromiding it. Mr. Kendal) told liira it eventually was fonnd 
to rest upon clay slate ; but when he (Mr. B.) saw it, it waa simply an 
enormous muse of fine hematite ore snrrounded by gravel. He woald 
ask Mr. Kendall if he would explain this. It seemed to him (Mr. B.) 
almost unaccountable that, where the liineBtone there rests tijwn clay 
slate, this curious mass should be found beyond tho limestone in this 
extraordinary manner. In other places, in similar formations, attempts 
had been made, and very expensive attempts, to find hematite. It had 
been fonnd in very limited quantities only, never, he thought, in suf- 
ficient abundance to prove commercially successful. In the neighbourhood 
of Penrith, large sums of money had been spent in borings. The Tran- 
sactions of the Institute were, by this paper, already very consider- 
ably enriched, and he (Mr. B.) would anggest that Mr. Kendall be 
invited to further estend what he had done for them by adding to thia 
paper another on the North Lancashire deposits, upon which he waa 
equally well informed, and which he (Mr. B.) thought would make a 
valuable addition to the available rcfcrent«s on this important subject. 
On page 109 the question, as Mr. Kendall put it, was — How did the 
deposits originate? What is their age? And where are they to be 
fonnd ? Mr. Kendall said that question remained anauswered, and he 
(Mr. B.) quite agreed with lum. They had yet a great deal to leam 
before they would be able to answer these questions with satisfaction. 

Mr. E. F. BoTD said, ho might be pennitted to add his testimony to 
the value of this paper. The aim and intention of all geological study 
and research was to ensure the success of mining operations, and prevent 
labour and cnjiital fhim Ix'ing wastefully expended, and in this sense he 
felt sure that Mr. Kendall's jtaper would prove of immense service to the 
members. Mr. Bew tck had said, and very truly, that great explonttiooa 
and great expense liad been ludergone in various places ; and possibly 
if this paper was thoroughly investigated, and if the origin of the 
material and the cause by which it was dept^isited were etenrly oacer- 
taincd, a great amount of expense in that direction might hcn-ailcr bo 
avoided. Before he gave his own opinion us to these deposits, he would 
ask Mr. Kendall if in any part of these deposits any stratified vegetable 
remains were found ? 

Mr. Ki:mi>all — None whatever. 
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Mr. Boiii said, lie had nsketl that (]ncstioii befause an answer in the 
affirmative would have con Bid erably shaken his confident in the coneln- 
Bion he had arrived at. He might Ije quite wrong, but he gave tliem his 
opinion for what it was worth, and hia opinion waa that the deposits were 
of volcnnic origin — plntonic origin — and that the cracks in the strata 
were the centres, or the conducting points, bj which the communication 
was effected with the central heat of the earth ; and that their variety, 
perpendicularly or horizontally, is varied entirely by the nature, position, 
and size of the fissures, the more or less rapid cooling of the injected 
matter, and all the varied circuni stances conneL-twl with theunetjual heat, 
expansion, electric tension, and mechanical forces which would all play an 
important part in the cooling of such varied masses so irregularly ixm- 
nected together ; added to these important causes of difference, there are 
those due to the various rocks through whidi the molten mass has passed; 
even the Permian, the granite, and the most ancient rocks known, have been 
and arc still subject to these actions, and deposits of hematite are found in 
every one of them. There was a very ingenious paper read by Mr. John 
Leithart, "On the Origin of Mineral Veins," at the meeting of the British 
AMOi^iation in the year 1838. Professor Sedgwick, Mr. Buckland, Mr. 
Buddie, and a great number of our own local gentlemen were present 
when the paper was read, which was a very ingenious attem])t to account 
for the deposition of mineral matter in veins by the action of electricity. 
The author of this paper remarks " that many other substances besides 
metals would, when piled in alternate layers, develop electrical action, 
and became impressed with the opinion that the stratified rocks might 
be likened to a galvanic battery, and that the peculiar appearances 
above noticed might receive an explanation upon this supposition 
provided there was a communication across the enormous 'pile' of 
rock. Such a communication is made, the author thinks, by mineral 
veins," Now, this rather corroborated his idea that the deposits of 
hematite were caused by the same action. There was no reason why both 
electrical and chemical action should not both be going on at the same 
time. That electricity is io action when plutonic action is going on 
there seems to be no doubt ; and he was by no means prepared to deny 
the agency of chemistry, especially as it was found that limestone haa a 
greater attraction for the ore than any other strata, and not at all in 
opposition to the principle of plutonic action, which, in fact, it might 
assist in developing or modifying. It was clearly seen in Northumber- 
land that plutonic matter could be laid out so as to appear stratified, for 
the Great Whin Sill looks to an ordinary observer as a stratified rock 



occurring between the limeslonea nnd the Hhales abore it, and the lime- 
Bt"»nes and the shnloB Iwneath it. There are 90 feet of plutonio matter 
between the tivo, nnrl it ia perfectly conformable with the ordinary dip of 
the rest of the strata. Rut everylxidy admits that, notwithstanding this, 
it is plutonic — that it was protnidcd through the beds. He Iwlieved they 
had had that qnestion vei^ fully diacnssed by Mr, Leliour and other 
gentlemen, incUidiiig ProfeBsor Sedgwick and Professor Bnckland, who 
were all convinced as to this theory; nnd this i-iew of the subject had 
been very much strengthened by Mr, Lebour in his paper "On the 'Great' 
and 'Four- Fathom' I-imestones in South Northnmberiand," Vol. XXIV., 
page 140, and Plate XXXIII., describing the section of n qnarry belong- 
ing to Sir Walter Trevelyan, who was kind enough to take him (Mr. Boyd) 
to inspect it from time to time as the (juarry workings further developed 
it, where the limestone overlying the top of the Whin Sill is permeated in 
many of it« horizontal and vertical tiseures by the plntonic matter, Mr. 
Joe. Bewick, in 1837. ivn't* a paper "On the Ore nnd Ironstone of 
Hosedale Abbey." In that (taper it was distinctly stated, as the opinion 
of the author, that the magnetic deposit described was nothing more than 
a gigantic plutonic dyke, intruded after the deposition of the siirronnding 
strata, which contained remains of sigillarin and stigmaria. But this 
theory of its plutonic origin was aflcrwar^ls seriously interfered with, when, 
in the further working of the magnetic deposit, the sigillaria and stigmaria 
again appeareil in the liuHzontal layers. 

Mr. Eendali. — There are animal remains in the hematite deposits, 
but not vegetable. 

Mr. Boyd said, that was remarkable, and certainly was an argnmcnt 
i^nst his theory ; he was not aware of that fat-t befort. 

Mr. G. A. Leboub remarked, that it always had struck him that each 
writer and each speaker on this subject seemed to favour tlie idee that 
there must have been one nniveisai cause for the formation of thcM 
hematite deposits. Now, one did not always see why the deptjsils which 
are fonnd sometimes in pockets and sometimes as veins, and si>motime8 
again in faultji, or as tme beds of hematite, should not l>e due to diSeretit 
modes of action. Nature does not always do the same thing in ciactly 
the same way. Several varying theories might be perfectly trac, iitch 
Indicating the formation of some of the various deposits: for each deposit, 
or at all events each set of deposits, might have a i)ecnliar origin of its 
own, nnil it struck bim that the oi^unient for or agtiinst any one particular 
theory slioiild not he pressed as afipliuable to all cIdsbob of depoeiU in all 
districts, but simply as appliiuible to some one locality or to a»me one tana 
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of dqtoBit; andhecouldnot help thinkiog that the facte which Mr, KendaU 
had brought out in hia admirable paper, tended very much to show that 
there might have beea a variety of cauBes for the depositiou of hematite, 
and that one theory alone would not account for the whole. He had been 
particularly glad to sec that Mr. Kendall himself nuconscionaly favoured 
the idea of variety iu the modes of deposition, insomuch that he some 
years ago, in an equally valuable paper, favoured a view somewhat different 
to the one which he brought forward in his present paper. But he {Mr. 
Lebour) thought tliat the fact that one bo competent should have had 
two theories on the subject was, to a certain extent, au admission that 
there might be more than one special cause in bringing about these 
depoBits, and that, whether tliey be attributable to electricity, aa Mr. 
Boyd thought, or whether they had been dcpositoil from water or caused 
by igneous action, or whether all or several of these agencies might not 
have contributed to them in varying proportions in different localities, it 
would at present be difficult to determine. 

Mr. AVh. Cochbanb said, he would like to ask Mr. Bewick whether 
the deposit of ore coraiug off the vein was of similar character to that 
found in the " flats" of the lead mines ; and whether the limestone in 
contact with the deposit presented the appearance of having been im- 
pregnated with the intruding substances ? 

Mr. Bewick said, that with regard to Mr. Cochrane's second question, 
there was nothing to lead him to suppose that the iron ore found on 
the edges of these large deposits had been limestone altered by any circum- 
stance whatever. Sometimes in the middle of a mass of iron ore a large 
irregular shaped piece of limestone might be found not connected with 
the other part of the limestone, bnt Bim]»ly a large boulder of limestone 
in the heart of the ircjn ore. With regard t{) the first question, so far as 
the quality was concerned he did not know that there was any difference, 
but if there was, he thought there wb« more of the soft iron ore in the 
pockets and of the hard ore in the veius. 

The President said, that in the brown bemalite in the Forest of 
Dean in some places there was almost as much limestone as hematite in 
the same pocket. 

Mr. Bewick — Tes ; and he did not think the Cumberland iron ore 
could be compared with that found in the Forest of Dean, which was 
oonaiderably more stratified than the former. 

Mr. Marlby said, he had not read snlRcient of Mr. Kendall's paper 
to do justice to it. He was very glad, however, that they had got a 
pioneer paper upon hematites. Mr. Bewick and himself had often 
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endeavoured to get getitlemeti to write a paper njxm the Bubject. He 
had propdsed, lika tho President, to cull attention to what the writer said 
on pages 115 and 111) as to the nonconformabilitj ol' two beds of the 
the Bame coal-field. He agreed with the PreHidcnt that they were not 
portions of the same coai-field, and he was quite convinced that the upper 
bed did not belong to the coal formation proper. He had bad a good deal 
of eiperieuce in the Cumberland hematite niinea, and the more he had bad 
to do with them, and also ivith the mines in Lancashire and in ijcotlaud, and 
in one single instance in Dahnatia, the more was he convinced that no one 
as yet had perfectly penetrated the mystery of the Formation of the deposits; 
and he thought, that having now got one paper upon the subject, perhaps 
other gentlemen would follow the example which had been set by their 
President and jot down a fen notes giving the opinion each had formed 
from his own experience. He thought they would be able to understAud 
a good deal better as to what might be the cause of the deposits if they 
woidd divide the inquiry into two parts, and consider not oidj what wag 
the cause of the hematite ore, but also what was the cause of the cavities 
in which the ore has been deposited. As to the "Magnetic Iron Ore of 
Bosedale Abbey," alluded to by Mr. fioyd as being a phitonic dyke, he 
would refer to his paper thereon in Vol. XIX. of these Transactions, in 
which that gentleman drew opposite conclusions. 

Mr. KKNDALii said, with reference to the remarks made hy the Presi- 
dent and Mr. Marley as to the unconform ability of the upper part of the 
Whitehaven coai-field, he thought the fact* brought forwai*d in tho paper 
were siithoient lo show that there was such unconformity; and as to its 
forming part of the i^sal- measures, he might state what be had not statvd 
in the paper, namely, thai at one part of the field there has been a sciun 
of coal worked in it ; also, that the organic remains which had been found 
in it are coal-measure forms, and he might say, it was the opinion of the 
geological aurvejors now in this district, who, after having gone over 
the whole district — over a much larger area than he himself had had 
the opportunity of goiug over — were of opinion that it was a [)ortion 
of the coal-measares. Neither the President nor Mr. Miirley slAte their 
reasons for holding the opinion that the >Vkit*havcu sandstono dow not 
belong to the coal-measures, so that he was left to guess it. Tho only 
reason that he could think of as hkely to weigh with them is tho uncoufor- 
mability of those rocks to the ooal-measures pro[>er. But if imconforma- 
bility is a sufficient reason for not cUssing the Whitehaven sandstone with 
the coal-measures, it is also a sufficient roason why we shoulrl m'lt look ujion 
that rock as Permian, for it must not be forgotten that the Whitebiivai 
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Bandfltone is nn conformable to the overlying Peiinians as well as to the 
underlying coal-measures. Were it necessary, he might adduce a number of 
anthoriticH in support of the coal-measure age of these rocks, but it is 
perhaps best in this, as in most other cases, to rely rather upon fact and 
argument. 

As to the remarks of Mr. Steavenson, he was scarcely able to say much, 
because bo far as he understood, Mr. Steaveason simply said that he did 
did not believe that his {Mr. Kendall's) explanation was competent to ex- 
plain the facts. Mr. Steavenson did not disprove it, for he did not bring 
forward either facts or argumentB on the opposite aide, but rested on an 
unsupported assertion. The pith of the paper was in the attemi>t to prove 
that the ore had laeeu fonned by replacement, and he thought tlie number 
of facts which had been brought forward in refereuce to the deposits were 
BufBcieat to convince any one that this must have been the case, whether 
the iron by wliich the replacement was effected was in the form of a 
chloride or a carbonate. Mr. Steavenson appeared to be labouring under a 
misapprehension in calling the process a transformation. It is not a trans- 
formation at aU, but simply the removal of ons substance and putting anol/ier 
and altogether different substance in its place. That the ore was fonned by 
replacement is a deduction from geological premises, which, he submitted, in 
tlie case of the deposits in the Hmestone is perfectly concjusive and logical. 
In the other deposits the evidence of such a mode oforigin is of a different 
kind, but stil!, he thought, quite as conclusive. A feet not stated in his 
paper, but which he had often observed at Boot and Kelton Fell, is the 
occurrence in the ore of large lenticular and flag-like masses of country 
rock, which have no connection whatever with the "cheeks" of the lode, 
but yet have tlie same "hade" as the lode, in fact, are parallel to the 
cheeks. Now, if these pieces had fallen from the " cheeks " as the ore was 
being deposited in a fissure, they surely, at any rate many of them, would 
have fallen on their side, for most of them are of snch a size that they 
could lie crosswise in the vein. Then again, a specimen on the table, and 
figured on Plate XXIIL, Fig. 4, was very jjeculiar too ; in a matrix of 
hematite there are pieces of slate which send out very fine threads into the 
ore (these threads arc not shown in Fig. i ) such as could not possibly have 
appeared if these pieces of slate had beeu fragmeuta which had dropped 
from the cheeks during the formation of a sedimentary deposit. These 
facts, along with those previously mentioned of a geological nature, are 
such that Mr. Steavenson's chemical difficulties must give way. What Mr. 
Steavenson has to do before he is satisfied to believe that the ore was not 
deposited by a process of replacement, is to show that the facts which he had 



brought forword are nnreliablc, or that the arfrnments hneed on them Rre 
illogical, it ac'cms necessary to point out to Sir, Steaveuson that he has 
missed the main point iti the paper in not seeing that the rcplacenient 
process is arrived al by a species of induction from geologwal facts, and is 
altogether independent of cliftnical considerations. As tu the manner in 
which the replacement was effected, and the form of the iron effecting 
it, he only stated his oinnion. He agreed with Mr. Steavenson that there 
is a diificiilty in seeing liow any solution of iron could replace granite 
and slate, but he had before him a specimen which came from the Boot de- 
posit, which lie thonght threw very considerable light on how the replace- 
ment might have been effected. A part of this specimen was limestone, 
and this limestone blended off in one direction into granite, and in the 
other into hematite. Now, if it were supposed that the hematite of the 
Teine in the granite and slate wore preceded by timesMue, much of Mr. 
Bteavenson's difficulty would disappear. How the limestone got there is 
another question which he had not attempted to answer, hut it seemed to 
him that it might have been produced in some such manner as the rollowing. 
Suppose the rocks to be submerged in the sea, and that heated wat«n 
cx]ntaining carbonate of soda were rising IWim below through tlk- joints 
in the rocks, the silica in tlie walls of these joints would be slowly dissolved. 
Small qnantities of sea water would also find its way into the rocks, and 
this coming into contact with the ascending alkaline walcrs, a reaction 
would ensue between the carbonate of soda and the lime salts in the sea 
water. The result would be a precipitate of carlwnule of lime, which would 
take the place of the dissolved silica. The other minerals in the rocks 
might have been previously removed by decomposition tlirough the influ- 
ence of hydrochloric and carbonic adds. Apart from such considemtioOfl 
as theee, however, there is positive evidence that hematite can replace 
silioiouB rocks in some way or other, for pseudomoqihs of heuuktice are foand 
after quartz. But even if there was no such evidence, it would be no Icat 
certain that the deposits were formed by replacement What is at present 
known is not necessarily all that can be known, so that if to-day sJlicious 
and alominons rocks cannot be replaced directly by a solution ol iroa, 
it does not follow that they can never be so replaced, much less that such 
replacement is impossible. But, in view of the fact presented by the 
piece of limestone from the NabgiU vein in llie gruiiilc, it is nut nrrmmj 
to suppose that the replacemeut of the granite and stale by henuttito 
was cffeulvd ilirrrtlij. The authorities mentioned by Mr. Steaveoson u 
differing fn>m him (Mr. Keudallj also differ from one another. 

Mr. EiiCeavensou aska the question ; " How was the fact auouunled for 
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that it (red hcmntite) Bomctimea took the form nf kidney ore, and sometimes 
that of brown hematite ?" That it sometimeB takes the form of kidney 
ore he (Mr. Kendall) was aware, but he did not know why. He had 
seen a piece of earthy ore formed inside a locomotive boiler which vras 
partly massive and partly radiated and mamraillated, althongh it had all 
been subjected to the same external conditions. He had also noticed, 
in experimenting upon chalk with solutions of perchloride of iron, that 
the inner surface of the precipitated peroxide of iron — that is where it 
joined the chalk — had sometimes a mammillated appearance, but not 
always. The latter part of Kir. St«avenson's question was a puzzle to him, 
for he had never heard of red hematite (hematite) occurring as brown 
hematite (Umonit^). Mr. St^avenson also asked how can the assertion 
that the ore was "primarily volcanic be reconciled with the transformation 
theory," or, as he Mr. Kendall preferred to call it, the replacement process. 
Mr, Steavenson evidently has not felt the force of the word primarily. 
He did not say the immediate soui-ce of the iron, for obviously that was 
aqueous, lieing tbc solution which acted upon the rocks. He did not see 
what bearing the quotation from the iJenw Universtlle had upon the 
question under discussion ; they were not made acquainted with the facta 
npon which the conclusions therein arrivc'd at were baaed, so that it 
was quite impossible for them to form any idea of the validity or 
invalidity of the conclusions. Mr. Bewick asked him aknit the Stank 
deposit, whether it went up into the shale. So far as had yet been 
proved, he did not think it did. The deposit at Martin occurs at the 
ed^e of the limestone adjoining the slate, and the basin in which it 
lies is maiTily in the limestone, but one side of it is formed by slate. At 
the time Mr. Bewick saw it none of the sides bad been reached, 
and it had all the appearance of being surrounded entirely by drift. 
It was very much mixed with boulder clay on the upper part of it, and 
has evidently been much disturbed. A section of this dej«sit is given 
in his paper on the hematite deposits of Whitehaven and Fumess, already 
referred to. 

That the ore is not directly volcanic, as supposed by Mr. Boyd, he 
thought he bad proved in hia paper, and he need hardly go over the ground 
again, for the shale beds which rnn through the deposits- could never 
have existed if the ore bad been ejected, as a hot boiling mass, Irom 
below. He would again refer to Plato XXXI., Fig. 1, where a thin bed 
of shale was shown nmning out of tiie limestone and through a mass of 
hematite. Now, if ignef)UB matter haJ been protruded into a cavern, 
this Iragile bridge of shale could hardly have remained there. It might 
be said, of course, that it was simply an accident that the bed of shale 
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in the ore cmrospondotl wnth that in the Hmefltone. But tliia could 
hardly be, becaiiBC, as had l)cen shown in one part of the [laper, tlie ore 
was not deposited until the carboniferous rocks were tilted, so that if 
the shale bed in the ore had been deposited at tJie same time aa the ore, 
althoHgh at one or two points there might have bceu a coincidence} lietwecn 
the shale in the ore and some Kijnilikr bed in the limestone so far as Jevd 
went, 8till there would at least have been a want of conformity in them, 
but that is not 80 for they are strictly conformable. And then, of ooune-, 
Mr, Boyd would have the difficnlty of explaining the presence in the ore of 
the organic remains, the absence of any disturbance of the snmiiiuiIiDg 
rocks, and of any calciuing effect a]>on them. He had here a specimea of 
hematite containing a number of corals ; they were very sraall. but great 
numbers of them are found in some of the deposits. This brought him to 
an observation which was made by Mr. Boyd, as to the pi-eference of 
hematite deposits for limestone. Now this, to his (Jlr. Kendall's) mind, 
was an argument in favour of the explanation which he was Iiringing 
forward, because the hmcstone was much more easily acted upon chemically 
than any of those silicioiis or aluminous rocka in which the other deposits 

Mr. Marley's suggestion that the inquiry should he divided into two 
parts— ^r.«/, as to the cause of the hematite ore, ttfond, as to the cansc of 
the cavities in which (he ore has bceu deposited — is completely negativ^sl 
by the sections accompanying the paper, for they show clearly tliat the 
ore was not depoiilfd in favilm at all, and it is on that coucluaion that he 
Mr. Kendall based his explanation of replacement. 

With regard to the so-called vegetable remains mentioned by Mr. 
Binney, he had, since his paper was published, shown them to Professor 
Williamson, of Oweu's College, who prononnccd them not to be plant* lU 
all. He might also state that, in addition to the minerals mentii>ntyl in 
the paper as ocenrring in association with the hematite, he had also found 
meluit«rite and turgit«, the former at Crowgarth and the latter at Rskrtt. 
As to the paper on the North Lancashire deposits, it would give him veiy 
great pleasure indeed to supplement the present pa[KT by a similar one on 
those deposits. 

The President said, Uiis had been a most interesting subject, and 
had raised a very instructive discussion. On the merits of the ^-arious 
theories propounded it was not for him to express any opinion. He moat 
leave the members to draw their own conclusions, and ho waa sure that 
all present would unite in thanking Mr. KcnJall for his kinduem in 
attending. 

The meeting (ben terminated. 



PROCEEDINGS. 286 



PROCEEDINGS. 



ANNUAL GENERAL MEETING, SATURDAY, AUGUST 2, 1879, IN THE 
WOOD MEMORIAL HALL, NEWCASTLE-UPON-TYNE. 



G. C. GREENWELL, Esq., Prbsidbnt, in thb Chajb. 



The Secretary read the minutes of the last Genenil Meeting, which 
were confirmed and signed, and the proceedings of the Council meetings 
were also read, together with the reports of the Council and of the 
Finance Committee, which were all agreed to. 

The following gentlemen were elected : — 

Abbociatb Mbmbbb— 
Mr. Matthbw Hbcebls Douglas, Whitburn Colliery, Sunderland. 

Studbnt — 
Mr. Sakfbl Habb, Pemberton Colliery, Wigan. 

The following were nominated for election at the next meeting : — 

Studbnts — 
Mr. Edward Fbbdebic Bbll. IS, Old £lvet, Durham. 
Mr. Waltbb Scott, Comsay Colliery, Lanchester. 
Mr. W. O. Bacmoabtnek, East Hetton Colliery, Coxhoe, Co. Durham. 
Mr. W. J. S. ToDNBR, Elswick CoUiery, Newcastle-on-Tyne. 

Mr. J. G. Weeks, Mr. T. Heppell, Mr. J. Cooke, and Mr. C. Z. 
Bunning were appointed scrutineers to examine the voting papers for 
the election of officers for the ensuing year. 



Mr. James Pease then read the following paper " On a New Method 
of Rope Haulage." 

VOL. xxvin.-i8w. B E 
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ON A NEW METHOD OF ROPE HAULAGK. 



liv JAMKS I'KASE, M.E. 



SiHCB the publication a few years ago of the report by the Tail-rope Com- 
miLtec (appointed by this Institute) on the Tarions systcina of rope baol- 
age, this branch of mining detail has received considerable attention, 
partially as a sequence of that report; but far more, latterly, by reason of 
the neccBsity for strict economy, through this present period of uneiampled 
depression in the coal trade; and, as a number of improvements bare since 
been made, and new systems put to work, the selection of the system of 
haulage which, while it best adapts itself to the difficulties of the situation, 
is neverthelesB cheap and simple U) work, now forma one of the leading 
qacstions for the mining engineer. 

As a preface to this paper it vriU be advisable to recapitulate the sum- 
marised results published by the Committee, with a few remarks on the 
capabilities of each system then, at work, both for the purpose of com- 
parison and as a datum from which to commence this paper. 

The tabular statement then pttt forth was as follows: — 



s™. 


T. 




ti 


1 


I!' 


o«[«t™p«mu.. 


WMC™.. )|J.g| 




ll 


A 


I 


1 


1 

a. 


ifin 




iwi™. 


J,- 


: 

i 


1U» 

MM 


110 1 

g i 


IB "J 

,3?., 
ft 

.1» 


'M9 




IMS 
tHK 




ES3 


883 U» 

uo saa 

in 




Mtrthod fSurt™ 


381 

1230 
I21S 


m 

z 

_ 


(IIV. 

■m 


IKK 

1*9 ;J 



Althonpfh details of four separate systeins are here given, two principles 
govern the whole. 

Ist. — Train loads at high speed, from six to twenty miles per hour, 
with intermittent motion and delivery, as illustrated by the 
tail-rope and endless-rope No. ], 

2nd. —Distributed loads at slow speeds, from one-and-a-half to three 
railcB per hour, with continuona motion and delivery, examptea 
of which are the cndlesa-chain and endless-rope No, 2, 

Both of these arrangements appear to have had their origin in part 
from circumatancea which would not only suggest their adoption hat 
materially conti-ibute also to their practical success. 

Flat areas of large extent led to the adoption of tiul-ropes in the 
northern and endless-i-opes in the midland connties. Strata of a unifbnn 
character and inclination, with steep gradients, snggested the use of gravity 
planeB and endlcsa-chain with distributed loails in Yorkshire, Lancashire, 
and South Wales. The tnil-n>pe being adapted for working undulating 
roads with branches withasinglcHncof rails, it is necessarj' to concentrate 
the traffic at a few points and maintain a high speed (with itfl conseqaent 
liability to accidents), which involves an extra expenditure in horBe-|iowor 
and plant only partially utilized. 

KNDLESS-ROI'E. No. 1. 

The expense of doubling the way is more than compciiHatod by the 
saving in the other portions of the plant, while it materially reduces the 
labour charge without any diminntion of haTilitge capwity; should, how- 
ever, the road be undulating, the saving in labour is not fj great, owing 
to the necessity of locking the tub wheels or coupling up both ends of the 
Bet to the rope. Canes can I» worked anil branches easily managed 
with this system, riders being required. 

Endless-chaiu is the first example of distributed loads thontughly 
carried out; the economy in engines, boilers, and labonr, is agnln 
large, but the chain being heavy and costly, is evidently adopted in the 
absence of any simple factional attachment making ropes aviuUble. 

The weight of the chain compels its being used over the tub, u> the top 
of which it is attached somewhat awkwardly ; this reudcTB it difficult lo 
work with branches or curves. 
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KNDLESS-BOPE. No. 



Instead of being (ax no doubt was expected) an economy by anbstitnting 
a, thick he&vj rope in place of chain, proved the reverse, outlay and labour 
being increased to no advautnge. 
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The conclnsion of the Cominittee pointed at the eodlees-chain as being 
the most effective and economical Bystem (at that time) in first cost, labour 
and maintenance, with one or two drawbacks {due to the manner of appli- 
cation), thus practicaily affirming the principle of alow speeds and dis- 
tribnted loads — a principle sufficiently elastic to meet Dvery condition of 
roadway. 

The attention thus drawn to the Bystem of endless-ropea and chains 
led to investigation 8 aa to how far and nndcr what conditions irictional 
attachmenta could be used in combination with light steel ropes in order 
to dispense with the first heavy charge and Buperfluous weight of chain 
and at the same time avoid those drawbacks mentioned in the Committee'e 
report. 

Prictional couplings may be of two kinds ; let, fiiction by compression 
of the rope with a lever or screw, either separate or combined, and worked 
by manual lalwur ; or, 2nd, friction by the deflection of the rope ftom a 
straight line actuated by ttic load itself through the interposition of a lever. 

The fii-st kind consists mostly of clamps or levers such as are shown in 
Plates XXXIX. and XLI., Vol. XVII. These have been modified by the 
use of screws, but they aU more or less damage the rope and require great 
care from the riders and attendants. 

Attempts were made a year or two ago to adapt the "fork" by the 
addition of a horizontal crank, see A, Fig, 1, Plate XL,, with a radius of 
about five inches used on the top of the tub B, and working by deflecting 
the rope from a straight line by the action of the load. This was found 
to answer very successfully for single tubs on level roads, or with flat 
gradients where very light steel ropes from ^-inch to j-inch are used, 
and where boys connect the ropes to the tubs which are selt-detached at 
the respective ends of the plane. Sharp curves or gradient* cannot be 
worked with this system, and branches but imperfectly, owing to both 
ropes having to be lifted in order to make a connection. 

It is found in practice, Ist, that the loading is restricted ; 2nd, that 
considerable side friction is prrjduced by the wheels against the rails; 
Si'd, that the least defect causes the tub to leave the rails ; 4th, that the 
leverage of the rope above and in front of the empty tub frequently tilta 
np the rear end against a bad joint in the rails; 5th, that should an 
undue strain be brought to bear, the rope either bends and slips off the 
fork or breaks out the tub end. 

Another pattern of this fork applied about one-third np the side of 
the tub is shown iii Fig. 2, Plate XL., and is used with heavy iron ropes; 
this plan dues not reduce the side iriction against the rails, but there can 




be no tilting forward when empty; carrea cannot be worked with this fork 
and branches only by detaching the whole of the empty traffic at each 
branch in order to connect the full traffic. 

An objection coramon to both these forka is, that should the floor 
heave, as is common in the midland counties, or the gradients not follow 
the natural cnrve of the rope, the tnbs are liable to Income detached on 
leaving a falling for a rieing gradient. 

Having some time ago to lay down a haulage arrangement nnder the 
somewhat peculiar conditions tthown in Fig. fi, Plate XL,, which could nut 
be met satisfactorily by any of the foregoing systems of haulage, the 
writer succeeded in overcoming all difficulties by adopting a coupling which 
is shown in Figs, 8, 4, 5, Plate XL. 

Instead of pi-odiicing friction by compression or horizimtal deflection it ifl 
caused by allowing the hook tu bang donn like a pendulum fnx to move 
through an arc of 20 to 30 degrees, which causes a slight vertical deflection 
of the rope A, Fig. 7, Plate XL. The clip it will be seen consists of fast 
and loose jaws (A B, Figs. 4 and 5), 3^ in. in length, suitably bored 
out for the rope, and lo<Jsely clipping it, and being secured by u falling 
hoop (C), a lad couples it up to the draw bar, the rope being then rais(xl to 
a Bnitablo height by a small pulley; he then piat.va the rope in the space D 
and allows the hoop to drop; the clips are then at once seized by the weight 
of the load whilst the tnb is being set in motion. The clip is disenga^^ 
automatically at the ends of the plane by a pair of slides which raise the 
ring C and disengage the clip. (See Fig. 7-) 

The rope being carried beneath the tub enables the sharp curve at A, 
Fig, 6, to be met in a comparatively easy manner, the friction Iwiiig 
divided over six small steel sheaves which pass the clip very smoothly. 
With this system no rollers are necessary to support the rope, the tubs 
being placed 15 yards apart being Eutflcient to do so. 

This system is fonnd in working to be remarkably free from acddent, 
the rope acting like a third rail, making it difficnlt for the tuba to leave 
the road unless they be absolutely displaced. 

With the load properly distributed the hor«e power required with thu 
system is very small. 

The rope is driven by ordinary V driving wheels. The V, with an 
angle of about :^8 degrees, and one turn of rope, gives the requisite 
friction. 

The estimated maintenance charges are : — Ropes, to bo replaced every 
fonr years ; driving wheels to be turned np every two years ; and the 
necessary ctuual repairs to (engine, tubs, uud clips. 
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The daily labonr charge on the surikce tramway is 4s. 9d. for 230 tons, 
but the way being only partially utilized, 600 tons per day might be carried 
without any addition to the exi)en8e. 

With underground-road man and two branches the labour is 8s. for 
225 tons, and a similar increase of quantity without additional expense 
could be maintained here. 

This system is at work in two large collieries both above and below 
ground, and is being substituted in place of the forks in Figs. 1 and 2. 
Trials are also being made with it at seyeral collieries with a view to its 
adoption. 



Mr. W. Jackson then read the following paper, " Some Remarks on 
Endless-rope Haulage." 



ON ESDLERS-EOrK HAUI^OE. 



SOME REMARKS ON ENDLESS-ROPE HAULAGE. 



t W. JACKSON. 



The writer having had considerable experience with the cndiesa-rope 
aystem of hanlage, ventures to explain an arrangement which may compare 
fevonrably in its reaiitU witb many other syBtema of running endlesa-ropea, 
and attaching and detaching tube at tlieir various atations, ao that the 
shock of putting the load in motion from a Btate of rest may be as mnch 
as possible avoided. 

The several methods of attaching and detaching tuba to and from the 
endless-rope, which are shown in Figs, 1, ^, and 3, Plate XL., do not 
fidly carry out this desideratum, the importance of which becomes ap- 
parent when it is considered that a dead weight, say, for instance, a number 
of tnba containing perhaps five tons of coal in a state of rest is required to 
be put in motion instantaneonsly at a speed equal to four miles per hour, 
for if the attachment is so constructed that it will not yield or give 
while the connections have to be made, the shock will be so great aa to 
Berioualy damage the clipa, tubs, rope, and machinery generally, if not to 
cause actual breakage. 

The methods shown in Figs. 1 and 2, Plate XL., for instance, clutch 
the rope firmly by twisting the lever round the moment the tub ia put 
into motion, which subjects the whole of the machinery to a severe strain 
unless the speed he slow and the load light. Besides which it reqnires the 
rope to run over the tubs, which the writer does not consider the most 
advantageous arrangement. 

The method shown in Figs. 3, 4, and 6, Plate XL., called a vertical 
clip, in the writer's opinion, with regard to ita utility, may he cksscd with 
the method just described ; that ia to say, in its application there ia no 
provision made for setting a hea^7 weight ftum a state of rest to a state of 
motion in the ahorteat posaible time without giving an undne strain. The 
hook-end of this clip is first attached to the ring at the end of the draw-bar 
on the tub ; a box which slides up or down in the middle of the clip is 



then raised or lifted up to allow the tong end of the clip to open, the 
rope is then udmitted between the tonga and the box allowed to drop, the 
resolt being, that even with a moderate load and a moderate speed, in 
consequence of the leverage being ao great, a portion of the rope is twisted 
into an almoat vertical position, which prevent* any yielding or slipping 
of the rope through the clip, such slipping being ao desirable if the load 
is to be started without nndue strain, comparative safety, and freedom 
from accident. Another objection may be urged against this clip, viz., 
that it cannot be conveniently made much shorter than is shown in the 
Plite, say eight or nine inches long, and with tnbs having wheels ten 
inches in diameter, it will be observed that the draw-bar ring will hang 
down to within four to five inches of the rope. To connect the draw-bar 
rin^ to the rope when in motion, with a vertical clip eight inches long, 
must be inconvenient if not dangerous ; and to remove the draw-bar itself 
from its usual place underneath the tub and lii it above the sole-bars, bo 
as to give sufficient height to allow of the use of the vertical clip, would 
entail a very large expense even supposing the cost of removal to be only a 
few shillings per tub. This clip is self-detaching, but it appeared to the 
writer whilst watching it at work, to be uncertain in its action. The way 
the self-detachment is accomplished is by means of two pieces of angle iron 
laid down parallel with each other ou a slight inclination, and placed suf- 
ficioutly apart to admit the lower part of the clip, whilst the ring C coming 
in contact with the edges of an angle iron, is caused to slide np the clip, 
and BO relieve it from the rope ; but the clip still hangs to the tub, and 
has to be removed, Bothat it is questionable if the same person that removet 
the dip from its position after it has disconnected itself, conld not, at the 
some time, disconnect the clip from the rope; thus the disconnecting 
arrangement, except under certain conditions, does not possess any material 
advantage. It has also been stated that these clips do not require rollers for 
the rope to trail on ; in such a case a clip is required for every tub, and the 
tuba phiced at equal distances apart, or some portion of the rope will be sure 
to trail. The question therefore arises, would it not be cheaper to have 
rollers rather than an extra quantity of clips ? These considerations in- 
dnced the writer to design a screw clip which has been working must 
satis&ctorily during the last seven years, during which time a fair oppor- 
tunity has been aflbrdcd of judging as to its practical utiUty, and it cut 
be said with confidGnce that it does the work required expeditiously, sofeljr, 
and economically. Expeditiously, because it can bo easily connected or 
disconnected; safely, because it will, no matter the speed of the rope, bow 
heavy the toad, or how steep the gradient, start Uui journey of loaded tubs 



in motion without the slightest shock or impact ; economicuily, because it 
does not, to nny apprecial)]e estent, wear the mpe. aa cmnpared to the 
enormous amount of work it ia capable of performing. 

In applying the screw chp, the end A {Fig, 2, Plate XLI.) of the 
connecting rod is attached to the ring in the draw-bar. The pin B, with 
the handle C, is lifted up to the top half of jaw, but, in order to prevent 
its txiing drawn out and getting lost, a projection, D, at the bottom of the 
pin prevents it from passing throngh the top of jaw. The draw-bar ring 
IB now placed between the jaws, and the pin allowed to drop through the 
draw-bar ring and lower jaw. It will be noticed that thia jaw and ring 
are Builiciently loose to allow the clip to move at any angle on either side 
of the tubs, thus enabling it to pass around any pulleys it may have been 
necessary to place on the engine plane tu suit the curves. The person 
who has just connected the set of tubs now places the clip E on the 
rope, screwing the clip gently down by means of a few turns of the handle 
0, This clip is attached to the link F by the joint H, secured to the 
upper part of E, The moment the clip commences to grip the rope, the 
set of tubs moves but slowly, the difference between the speed of rope and 
tubs being regulated at will by the attendant at the screw ; but when the 
set of tubs acquires the same speed a* the rope, the attendant gives the 
clip a final screw np, and the set of tubs passes on to the out-bje end. 

At any desired distance a lever is placed (actuated by the tubs in 
passing), which rings a bell as a signal for the next set to be connected. 
This is not essential to the use of the clip, hut is added for the sake of 
regularity. 

When detaching at the out-bye end it is only necessary to give the 
Bcrew G a few turns, and release the pin from the draw-bar ring by 
drawing the pin straight up. The tnbs, being disconnected from rope 
and clip, run by their owii gravity to the pit bottom. 

For undulating planes or steep gradients, one clip before and one 
behind the set will be required (sec Fig. 1 ); and in such a case it is usual 
to send twice the number of empties in-bye as full onea ont-bye. This 
will regulate the number of clips required. 

Fifteen of these screw clips, viz., ten with fall and five with empty 
tubs, are sufficient to haul 1,000 tons of coal up an incline of an average 
gradient of 1 in 20, with a maximum gradient of 1 in 14, 1,000 yards 
long in eight hours, working at a speed of from three lo four miles per 
hour, at a cost which it is believed would compare favourably with many 
other systems of haulage placed or working under similar circumstances 
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To show the improvement cflbctt^d by this method of Btta(.'hiiig tub* 
with the old method of run ridorB, the extra cost for n'agc« alone to hao] 
the quantity above mentioned would amomit to aomething hke £600 per 
year. 

The writer wiahea it to be nndcrstood that he believes that the other 
methods before referred to may perform their work satiBfactorily under 
tlie conditions of light loads, level planes, and slow speed. The screw 
clip can however Iw worked e<iually well under such conditions, while it 
csn be used with advant^e under circumstances where it would be prac- 
tically iinpoeeibic to work with the others. The screw clip ilaelf costs 
rather mdre, and, although it is more expensive, yet when tt is considered 
that it will do six times the amount of work such cost becomes immaterial. 



Mr. D. P. MoRLSON- then rend 
Accidents and their Prevention.' 



An introductory Notice on Ikiiler 



h. 






BOILER ACCiriENTR ANt> TKBIB PRBrBNTION. 



INTRODUCTORY NOTES ON BOILER ACCIDENTS AND 
THEIR PREVENTION. 

By V. P. MOEISON. 

L— EFFICIEXT INSPRCTIUN. 
In compiling these Lutes merely as the iiitroduftion (if bo important a 
Bubject, the MTJtcr has had mainly in view the daily increasing interest 
displayed by the Legislature, the public, and, above all, by those personally 
and practically responsible for the safety of life, limb, and property, in 
those branches of their industries where steam boilers are a necessity. It 
has also been his endeavour to explain fairly and impartially the different 
modes of gaining such safety, and cif recording the results so obtained. 

The attention of Parliament has been largely bestowed upon the sub- 
ject of bfjiler registration and inspection; and this last session the matter 
was again under their consideration and will probably be one of the promi- 
nent topicA of the next ; and seeing this, the writer deemed that a treatise 
on boiler accidents and their prevention would be a topic worthy of the 
notice of the members of an institution which has recently been favoured 
by the Government, and whose Transactions have bo long and ao justly 
been held in esteem by all interested in the saving of hfc among those 
engaged in mechanical employments. The fact of mechanical engineers of 
the district forming now so im]Kjrtaut a section of our body renders the 
benefits to be derived by discussing such a paper in all its bearings still 
more fully apparent. 

The number of boilers in the Dnitt-d Kingdom in the past year was 
estimated by the most competent authorities at •200,000; although this 
certainly appears to the writer trom his own obsen'ation to be an under- 
statement ; taking into account the various localities and interests re- 
presented by the large number (nearly one thousand) of the members, 
it may safely lie assumed that one-fourth at least of those boilers must, 
more or less, come nnder their notice, and this fact should of itself be 
sufficient to elicit some valuable practicable notes fVom such extensive ex- 
perience us this would indicate. The present portion of the paper is 
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intended, as before said, merely as an introduction, and therefore will 
simply be a means of condensing the classification of those branchea of 
the subject whieh may be included under the denoraination of "efficient 
iBBpection," viz.: — 

1. — The neoessity of efficient inspection. 

2, — What is efficient inspection ? 

S. — The means of obtaining efficient inspection. 

1. — The Necessity of Efficient Inspectios is bo apparent as to 
require little or no comment ; but in practice it is to be feared it is a point 
often neglected, either from a sense of security engendered by the con- 
sciottsnesB of good material and careful usage, ur from partial or total 
ignorance of the many dangers which are compassed in steam generators 
and their appurtenances. Boilers doubtless have exploded under what 
was intended to Ixr carefiil inspection, but at the same time it is now 
generally considered as the best means of preventing explosion. 

Even if other precautions are taken, such as extremely good materials 
and workmanship, low pressure in proportion to the strength of Ihc Ixiiler. 
ample safety vah'es, hydraulic tests, and care in working, periiidical 
inspection stiil remains an additional and a most important safeguard. 

It may aately be further inferred that all faults lending to ciploeion 
are not always detected by the fact of the occurrence of explosions of 
boilers belonging to the Government, both ashore and afloat, where every 
care is considered to be taken in every detail. 

That boilers may be worked iu great numbers without explodon in 
consequence of carefiil inspection may be inferred from the lessened num- 
ber of explosions among the boilers enrolled under tlie various associatioiu 
both official and private. As, however, there are a great number of boilers 
nnder no inspcctiou at all, or rejected by the associations as not up to 
their standard, and in many cases the inspection at the cxtmmand of 
privat* establishments is not sufficient, explosions still continue much ae 
usual as regards the annual number, and although forming a small per- 
cent)^ of accidents and deaths as compared with other disasters, such aa 
accident* on railways, at sea, or in the streets, attention is much directfld 
to the subject, and it is incumbent on engineers to find a remedy if pea- 
sible to mitigate their severity. 

From records of 1 ,475 boiler explosions in the United Kingilom. killing 
2,164 persons and injuring 3,102 others, thoee of the last ton yean may 
suffice for the present purpose : — 
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S9 Exploded Boilers, killing 8T aud injnr 



1870 
1B71 
1S72 
187a 
1874 
187B 
1878 
1877 



111 farther iUostrBton of the figures obtaiaed by oompilatioti of recorda 
of explosions, the anuesed tables are extracted from a publication by 
Mr. E. B. Marten, Abs, C.E,, Table I, being a siimmary of i-ecorda, and 
Tabic II. a summitry of caueea of explosion (these will be supplemented 
by later statistics in subacquont notesj; — 



TABLE 1. 
SuuHiBT or Bbdobdi ot Stiax Boileb Expioaioirg cp to 3i>rH Juke, 1S70, 

t ESFLODED BOILBBS. 



Dmatanan or BoIleb. 


"S 


^r^*° 


1U& 


SiS* 


ToTil 


^.^^' 


R^dUl. 


mnlpi 


T«^ 


E.^ 


»<«io. 


T«^ 


E.,U^ 


tatift'. roT.t 


Marino 


B7 


263 


320 


12 


64 


76 


R» 


327 


396 


Corniili, LanoaaMre, or other 1 
with internal flaei ... J 


140 


1 


141 


84 


3 


87 


224 


4 


228 




81 


2S 


120 


10 


68 


78 


101 


ffl 


IBfi 


Plain cjlindrioU, extomaUy 1 


114 


2 


U6 


M 


a 


67 


168 


5 


173 


Balluna, hajat«:k, wa^o, 1 
Bnttoriej, British tube, I 
elephant, or Trevistick ) 

Portible, ngricaltunJ. up- ( 
righU crauis, or very «n»ll ) 

Halting kitcheu, doiiie.lJe,> 
Kaj, gtearaera, etc. ... ) 


62 
28 
14 


2 

1 


64 
28 
14 


B 

17 
23 


2 
17 

14 


7 
84 
SS 


67 
45 
S6 


4 
18 
14 


71 
63 
50 


Furnace, upright 


10 




10 


8 




8 


IS 




18 


beda-ifled' J 

ToTua 


203 


20 


232 


7 


175 


182 


210 


204 


414 


719 


327 


:« 


.. 


3« 


G^ 


es8 


673 


L611 



SruMABT or Cacibb of the Stbah Boilbk ExFUwiona fob trb Fom Tusa 
niDisa aom 3vns, 1870. in Qbfat Brituh. 



— "— 


3™ 


XlUBl« 


S3S 


foj— Faults in poii«tnicl!oii ur n-jmir ... 

ri.>l-F«Qlta whid. riionld be dotwted^ 

by periediral eianiiiutiuii ,. ) 

rc-J— F»nlt« «l.icl. Blionid be |ireveiil«d 1 

TOTAIB 




1£R 

106 

79 

S 


18G 
M 
U 


219 


SIS 


460 



It is evident that a large proportion of those accidents claMified nnder 
the initiala S and c might have been averted by the additional safetj 
rcBulting from efficient inspection. 

This leadfi to the eecond division of our subject : — 

2.— What is Efficient Inspectios ?— So much diversity of opinion 
prevails as to the best meoas of obtaining efficient inspection that the 
actual duty itself is often overlooked. 

It may be described as intimate? acquaintance with the boiler in its 
entirety, in its materials, in its constmction, in its workmanship, in ita 
setting, in its management, and iu its general constitution : or, as the 
French term it with mnch appropriateness, Umperamtnt. 

It should be thoroughly independent of those in daily charge of it, 
and as frequent and complete as jtossible. The greatest strength of a chain 
is its weakest link, and so the strength of a buitcr as a whole depends often 
npon the weakness of a very infinitesimal portion of its many fioints whidi 
might easily escape any obeerration but that of a special and trained man. 

The recognised associations on the Continent have all special mka 
approved by their Goveniments tending to prove the urgent ncconity 
for intimate and detailed knowledge of the inlcmal tcmperameiil of a 
boiler. The following being brief but to the point may be cited ; — 

Eiplrnioiia In baUgrt occur (1) from natursl dctcHnntion of inatetiii)*, (S) frmii 
defects of conitnietion, and (8) from iucapacit; of UioM in elt*nt«< 
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Thej principKllir are due to drfeots nnoWrved from tbe re«»nn that no paina have 
been taken with their eiami nation. Examination or inipectinn Is often neglected or 
postponed on aoconnt of the Coat of inspection. 

Detective materials and bad MMrkmanship frequently occur in all clas9e« of boilcn. 

Low price often taltw priority over quality. 

Teatinfr by the Lvdraolic preu ia not aufficient to indicate practical weakiieas or 
defect*. 

The intenmt examination of bnilera in the only relinble modi' of Bsrertainiiig: their 
condition. When this examination ia carefully effected it □iiially alTords the meant of 
aacertaining the aafetj of the boiler. 

Every aeparate part of a boiler should be carefully examined, bccanac eacli one may 
lead to danger. 

The gist of good inspection was most Incidly given in & paper read 
before the Irstittite of Engineers in Scotland as a commnnication by Mr, 
J. G, Lawrie, part of which, now extracted, will point to the details of 
requisite inspection. 

To insnre dne attention a written report shonld be made, which must 
be perfectly intelligible to any one who hae not seen the boiler; and, to 
prevent confusion, no two boQers should be mertioned on one paper ; and 
the report should be made complete at once, and illustrated with sketches, 
BO as not to need fair copying. In the first place, every particnlar of boiler 
and fittings, and settings, should be noted that can be seen from the out- 
aide of the boiler, with sketches and sufficient dimensions to make complete 
detailed dran-ing if required. 

The boiler should then be en tered, and internal sketch and dimensions 
taken sufficient to make complete drawing. The plates should then be felt 
in every part with a light hammer, and the general condition noted. 

The flues shonld be reserved for the last, because they are generally 
dirty, but this is often the moat important part of the inspection. The 
fire grate and each fine should be entered and traversed, and every part of 
the boiler plate felt with a hammer, and also dimensions taken as before. 

This is not all that is necessary to obtain complete information, for there 
still remains those parts of the boiler in contact with the brickwork, and 
the neglect_which often leads to disaster. It is easy to clear the brickwork 
sufficiently for examination, bttt a little arrangement when setting the 
boilers would make it far easier. 

It may be well to mention some of the chief impediments to carrying 
(lilt this inspection. It is often impossible to make even the external 
examination, because boilere are so smothered up with brick and stone- 
work. The clothing of boilers is often justly urged as leading to economy 




of fuel, but itBliould not be done insucha way aatopreclndecxammin,..^. 
The nwflt riipid oorroBiou goeg on if a leak should take place beneath the 
covering, especially if it consists partly of sand or aalies. 

Interoal examination is sometimes prevented by too small a manhole, 
or one so awkwardly placed as to make it almost impossible to get into the 
boUer ; but the most usual difRoulty is the want of room to move about, or 
to use a hammer. Sometimfs, also, there ia no means of cooh'ng sufficientlf 
to bUow of a person remaining in the boiler for many minutes. 

Each fonn of boiler has itB peculiar difficulty. The Cornish or one- 
tnhe boiler is one of the most awkward, as there is so little space between 
the tube and shell at the sides and bottom, and a false step may cause the 
in8pcctt>r to slip and beeome wedged. 

The Lancaaliire double-flue, or two-tube boiler, obviat^^s this difficulty, 
but involves another manhole to get at the space beiiealh the tul>es. 

Most of the multitubular boilers, such as the locomotives, arc loo small 
to enter, and the impossibility of internal examination has led to many 
explosions. Of course the difficulty of examination ia much increased if 
the scale is not well cleaned off, as without this many faults will he OT«r- 
I'Xiked. 

The easiest trailers to examine internally are the plain cylinders and 
others without internal tubes, and this facility for examination is one of 
their chief recommendations. 

3, — Means OF OBTjiiNrad Efficiekt Inspection. — Iliiving now 

briefly e.xplained the necessity and the constitution of efficient inspcctiop, 

it remains for the writer to allude to the various metliods in actual nse, 

or merely in embryo for obtaining this efficiency. These may be divided 

into groups which may for succinctness sake be denominated — 

(a.) — Private firm inspection. 

(b.) — Association of tirras (home). 

(e.) — Association of firms (foreign). 

(d.) — Inspection companies. 

(e.) — Inspection and assurance companies. 

(/.) — (In contemplation or under advice a system by which the 

Government shall have directly under its own control the 

nitration and inspection of all boilers cither by specially 

appointed officials or by some nKxIe of incirjiorHting the 

preaent methods.) This we may name &nwnm«n/ Hu^wAvn. 

Extent of inspection by various societies at home and abroad ; — 
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NUMBER OP BOILEKS INSPECTED IN THE UNITED KINGDOM. j 


Steam Vten 








3W0 




Stesin Power 






23M» 




N>tioa>] 








7,200 




Midland 








3,218 




Vorluhire 








2JX0 




Mutniil 








IflOO 




Londou Mutual 






1,000 




NewcMtle 








lU 




Engine and Boiler ... 






500 




English undScoMh... 






^ 












41,532 




All the above coinpeki as private ventures 


as there is nc 


compulsion ; 


the same as steam shipowners, who are not obliged to have Board of Trade 1 




in case 


of accident. 


NUMBER OF FOREUIN 


BOII,EK> 


INSPECTED 




1. — ^Hatiover, uccordiuB to Report 


to 1876, 


lupected 625 


Boilors. 


3.— Bremen d 


do. 


1878. 


do. 


414 


do. 


3.-HaUc U 


do. 


1877, 


do. 


423 


do. 


4.— BrcBlau d 


do. 


1878, 


do. 


612 


do. 


6.-0ffenbacli do 


do. 


1878, 


do. 


&46 


do. 


6.— Bnuiello do 


do. 


1877, 


do. 


1,740 


do. 


7. — Hamburg do 


do. 


1878, 


do. 


662 


do. 




do. 


1877, 


do. 


1.072 


do. 


fl.-MnncliB.. do 


do. 


1878. 


do. 


1,422 


do. 


10.-M. Oladbacli do 


do. 


1876, 


do. 


363 


do. 




do. 


1878, 


do. 


1,338 


do. 


ia.-Mnlhou» do 


do. 


1S77. 


do. 


1,470 


do. 


13.— Aachen do 


do. 


1878. 


do. 


356 


do. 


14.— Beruberg do 


do. 


1877, 


do. 


640 


do. 


IB.— Frankfort. do 


do. 


1878. 


do. 


476 


do. 


16.— Eaiaentlawtern do 


do. 


1876, 


do. 


674 


do. 


17.— Siegen do 


do. 


1878, 


do. 


423 


do. 


18.— Wien do 


do. 


1876, 


do. 


2.952 


do. 


19.— Luiem do 


do. 


1878, 


do. 


1576 


do. 


20.— Suarbnick do 


do. 


1878. 


do. 


542 


do. 


Zl.— Paris do 


do. 


1877, 


do. 


200 


do. 


28.- Ljons do 


do. 


1878, 


do. 


271 


do. 


23.— Lille do 


do. 


187S, 


do. 


? 




24.— Chcmniti do 


do. 


1878, 


do. 


268 


do. 


2B.— Honen do 


do. 


1877. 


do. 


? 




26.— Heuwied do 


do. 


1876, 


do. 


3BB 


do. 




Saj 20,000. 




18,90S 


Alih 








^1 


^^1 


^^^^^^^^^^^H 



None of these foreign societies compete, but each has a district, and all 
boilcFH are by law to be inspected by them. 

The rules, regulations, and constitutions of a few of these sodetiea 
will be embodied in subsequent remarks, as well ae the advantage which 
hafl been derived from their asaistance in independent inspection. 

The general conclusion from the coiiBideration of this introductory 
portion of the subject ib, that the best means of preventing boiler enplo- 
siona is to use boilere whieh may be safely classified as good, and have them 
carefully inspected in every part at least once in six months, so as to detect 
evils which might lead to a rupture or collapse. It would be a great safe- 
guard if all persons in charge of boilers were competent to thus inspect 
them and the doing so were made part of their regular duty. Ab iospeo 
tion has eo often been urged as essential to safety, it is no matter of but- 
prige that it has attracted the attention of Ciovemment. A Special 
Committ4!e sat for many days and took evidence during the last two sessionsj 
but after very careful consideration they did not recommend Government 
inspection, lest it should remove responsibility from the owners, who 
should be the best judges of the fitness of inspectors, as they are the natural 
guardians of their own boUcrs. 

This decision was not arrived at hastily, as many witnesses wer« 
examined, and the statistics and experience gathered by the Steam Users, 
the Steam Power, the National, and the Midland Boiler Aasociations, 
beside the opinion of many eminent engineers and manufacturers, were 
fully weighed. The importance of the loss of an average of 75 lives from 
about fifty explosions, or one boiler in every 4,000 per annum, was not lost 
sight of, nor the value of periodical competent inspection, as carried out 
by the voluntary associations; but it was feared that any system of compul- 
Bory inspection, although it might be under the management of a kind of 
Steam Parliament composed of representatives of the public, or others 
elected by those who own or work steam boilers, could only be accom- 
plishcd at an unwarrantable cost, while it would indirectly tend to the 
adoption only of certain supposed types of boilers and engines and modea 
of working, and thus impede progress and improTOment in the face of 
present increasing foreign competttiou in that which is the vety main- 
spring of national prosperity. 

It is not improbable, however, that the Legislatore may see fit to give 
to those injnrcd, or to the friends of those killed by boiler explodons, 
greater facilities for obtainiug compensation in order to induce the greatest 
possible care on the part of all who use steun power. 

It may also be found praulicuble to empower coroners, or some other 
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oompetent authorities, to obtain and pablish trustworthy reports of all 
cases of boiler explosions, whether fatal or not, so as to enable those using 
boilers, and especially the men in charge, to profit from the experience of 
others. 

The main part of the concluding remarks has been derived from an 
article in the '' Mining Magazine/' by Mr. E. B. Marten, in the year 1872, 
and the writer has adopted these views as a fit termination to the present 
introductory notes, which, as before explained, he trusts may, as well 
as his subsequent remarks on the same subject, pave the way for many 
instructive and practical additions from members of this Institute. 



Mr. J. A. Ramsay then read a paper " On Fuel, particularly Brown 
Coal, in its Formation and as an Article of Commerce," which wiU be 
published in a subsequent Part of the Transactions. 



APPENDIX. 



BAROMETER AND THERMOMETER READINGS 

FOR 1878. 



By the secretary. 



These readings haye been obtained from the observatories of Kew and 
Glasgow, and will give a very fair idea of the variations of temperature 
and atmospheric pressure in the intervening country, in which most of 
the mining operations in this country are carried on. 

The Kew barometer is 84 feet, and the Glasgow barometer 180 feet 
above the sea level. The latter readings have been reduced to 82 feet 
above the sea level, by the addition of '150 of an inch to each reading, 
and both readings are reduced to 82° Fahrenheif. 

The fatal accidents have been obtained from the Inspector's reports, 
and are printed across the lines, showing the various readings. The 
name of the colliery at which the explosion took place is given first, then 
the number of deaths, followed by the district in which it happened. 

At the request of the Council the exact readings at both Kew and 
Glasgow have been published in figures. 
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Seetiom of the carboniferous limestone 
series of Xorthnmberland, Notes on, by 
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